Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



\ 



lEON AJSTD HEAT 

||tuns, ^Ulan, Rittr |tira JSmtUmg 



OmDBBS, iXD TBB AdTIOK OF HKAT D 



Bt JAMES AEMOUE, C.E. 



mUk miiRCrnM illDtlntinti 




LONDON : 
LOCKWOOD 4 CO., 7, STATIONERS' ttatt, COURT, 

LUSOATE HILIii 
1871. 



/<?<!'. 



/ '^' 



PEEFACE. 



This little work is intended to present in simple form 
the fnndamental principles concerned in the construction 
of Iron Beams, Pillars, and Bridge Girders ; and as it is 
designed to benefit those who are more intimately ac- 
quainted with practical operations as workmen than with 
the principles on which practice is based, common arith- 
metic only is used in the treatment of the questions ; and 
the endeavour is, rather to explain circumstantially the 
rules of common use than to develop new theories. 

The sections on Iron Smelting may be regarded as 
rudimentary, though the action of the heat, in its various 
operations inside the furnace, is followed up so closely, 
from its generation opposite the blast-nozzles, to its final 
escape in the molten matter and the chimney gases, that 
the essential conditions of the smelting process may be 
clearly apprehended. 

The design, however, is not so much to explain the art 
of Iron Smelting, as simply to exhibit the action of heat 
upon the different materials concerned ; the compass of 
the work being too limited to admit of more. 

J. A. 

Gateshead, September, 1S70* 
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SECTION I. 

1. There is no definite beginning to the science of 
mechanics at all resembling in simplicity the alphabet 
of language ; but, as we intend to limit our inquiry to 
simple questions relating to iron beams and pillars, the 
lever gives us an easy entrance to the subject, and we 
shall find that, right on to the end, the cases will resolve 
themselves into mere questions of leverage, all more or 
less simple ; so that, to make our course clear for the end 
in view, we will begin by a few rudimentary illustrations 
of the principle of the lever. 

2. Here is a Salter's balance : when we place a 14-lb. 
weight in the scale, the pointer simply indicates 14 lbs. 
We now place a thin-edged block in the scale for a ful- 
crum, which we letter a. Fig. 1, and upon this fulcrum 
rests a straight rod, 2 feet long, so that it rocks balanced. 
The 14-lb. weight suspended from one end of the rod at 6, 
1 foot from a, will require a force of 14 lbs. at c, likewise 
1 foot from, a, to balance it ; but the pointer at d will 
show that the fulcrum a has to bear twice 14 lbs., or 
28 lbs. 

8. Again, using two weighing balances, Fig. 2, with a 
fulcrum in each, and a 28-lb. weight hung from the middle 
where the fulcrum is in Fig. 1, the pointers d and e indi- 
cate only 14 lbs. weight on each scale. 

B 
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the respective weights of the two arms ; but we will speak 
of this more particularly further on. 

9. In Figs. 1 and 8 the levers as drawn are what is 
termed of the first order, the fulcrum a being between the 
weight h and the power c. 

10. In Fig. 2, if we make 6 the fixed fulcrum and c the 
power, with the weight between, we have a lever of the 
second order. 

11. And, again, using Fig. 1, if we make c the fixed 
fulcrum, and use the weighing balance d a for the power, 
we have a lever of the third order. 

12. La3mig the scales of the spring balances aside, and 
using the spring cases in the manner shown in Fig. 4, one 
at each end of the 2-foot lever, which we place on the 
fulcrum a, so that the distance 6 a is equal to a c, and 
then wedging up the fulcrum a until the pointers d and e 
indicate a strain of 5 lbs. at the ends of the lever b and c, 
then, as these two strains of 5 lbs. each draw the lever 
downwards with a united force equal to 10 lbs., it is clear, 




Fig. 3. 

and has been proved in the case of Fig. 1, that the ful- 
crum a has that 10 lbs. to bear. 

18. In explaining Figs. 2 and 8 we showed that as the 
length of leverage increased, so did the necessary force 
decrease. We will here, in few words, show that, as might 
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be expected, the necessary force increases as the length 
of leverage diminishes. 

14. Let us divide be, in. Fig. 4, into eight equal dis- 
tances, and let us keep the spring d where it is in Fig. 4, 
with 5 lbs. strain upon it as before, but shift the spring e 
to h. 

Then, as h is only three divisions &om a, while h is 
four, we find that a power of 6*66 lbs. is required at h to 
balance 5 lbs. at h, because 5 lbs. multiplied by four parts, 
6 to a, equals 20, and this divided by three parts, a to h, 
equals 6*66 lbs. 

15. Again, multiplying 5 lbs. by four parts, h to a, and 




dividing by two parts, a to g, we find that 10 lbs. are 
required at g to balance 6 lbs. at h ; and, dividing the 20 
for a 6 by the one part a/, that 20 lbs. is required at /to 
balance 5 lbs. at h. 

16. Let us place a 2-lb. weight, as in Fig. 5, on the 
outer end of the arm a c. You see that the pointer e now 
shows only 4 lbs. strain, while the pointer d has risen to 
6 lbs. ; that is, the arm a c being now 2 lbs. heavier at c than 
the arm a 5 at 5, the spring e has 2 lbs. less work to do in 
balancing the force of the spring (2, and as the two forces at 
h and c have to be balanced simply, and the lever 6 c is stiff 
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enough not to bend, d, in rising to the 6-lb. mark, allows 
to fall to the 4-lb. mark. 

17. But when we keep the lever I c level, as in Fig. 6, 




Fig. 6. 

we have to pull the spring d down till the pointer shows 
7 lbs. force, which will balance the 2 lbs. weight at c, in 
addition to the 5 lbs. force on the spring e. 




Kg. 6 



18. In Fig. 6 the fulcrum a has to bear a load of 
12 lbs. only ; but in Fig. 6 it has to bear 14 lbs. 

19. Instead of the springs, let us use simple weights, 
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as in Fig. ?> and hang 5 lbs. from each end of the lever 
h c. We now see that an addition of 2 lbs. at c requires 
a corresponding addition of 2 lbs. at b to preserve the 
balance, which causes a to bear a load of 14 lbs., the 
same as in Fig. 6. 

20. In practice, the weight of the beam has to be taken 
into consideration in estimating the load upon the fulcrum 
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Fig. 7. 

or point of support : and when the arms are unequal, the 
difference has to be taken into account in estimating the 
balancing weights. 

21. In Fig. 8 the beam 6 c, of uniform breadth and 
thickness, and 2 feet long, is balanced on a point a in the 
middle of its length. 

The weight for total length Jc is 10 lbs., which gives 
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Fig. 8. 

5 lbs. to each of the two arms a b and a c. Now, as the 
beam at a presses on the fulcrum with its whole weight 
simply, while the parts a b and a c each possess one-half 
of this weight, with leverage increasing outwards from 
nothing at a to half the whole length at c and 6, there 
must be a point somewhere along the arms, at which, if 
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snpport were given equal to the simple weight of each 
arm, to both arms, the falcmm a would be reheved of all 
weight, in such a manner that were the beam cut in two 
at a, the two halves, a h and a c, balanced by the hanging 
weights over the pulleys //, would preserve their hori- 
zontal position until force was appHed to move them, or, 
moving on these points as on a centre, would rest balanced 
in any position they were moved to. 

These points lie in the centre of gravity of the arms, all 
weight around and outside of which is so balanced that it 
acts as if it were all condensed into the point ; and that 
the points lie in the middle of the arms at e and d, when 
the beam is of uniform breadth and thickness, is easily 
proved by placing one of the halves on a knife-edge, as in 
Fig. 9. 

22. Let us again take the whole-length beam, as in 




Fig. 8, and balance the weight of the arm a c by fixing a 
fine wire rocking-spindle in the centre of gravity e, so that 
all motion must be from e as a centre. We require now 
to find the effect of this relief on the fulcrum at a. We 
have found that in effect the whole weight of the arm a c 
is condensed into the point «, which is now supported, so 
that none of its weight can rest on the fulcrum at a ; there 
is therefore only the arm a 6 to consider, and as its whole 
weight has been found to be in effect condensed into the 
point dy and is in amount 6 lbs., we have 6 lbs. pressing 
on the fulcrum a, with a leverage equal to the distance 
e d, and as e is acting as a centre, a being midway between 
e and d has to bear a load equal to 10 lbs., the lever with 
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its centre or fdlcram at e, the load at d, and the snstaining 
power at a, having become of the third order. 

28. Supposing the arm a b, Fig. 10, of the lever b c were 
firmly fixed in a wall, and it were required to find the strain 
at a given by the 6-lb. force at h, we should still have to 
treat the question as a case of leverage ; but as the arm 
has to bend, instead of merely rocking freely on the ful- 
crum edge, we shall find the conditions more difficult to 
explain. 

24. Let abfia Fig. 10, be the solid beam sticking out 
of the wall : a force applied at b will bend it till the end 
gets to say ef. 

Now it is the case, as you may readily see after a little 




Fig. 10. 

* 

reflection, that the fibres are not all suffering the same 
sort of strain; but that those above the middle line 
c^ are being stretched, while those below that line are 
being crushed ; and you can as easily see that, the top 
and bottom sides being in such opposition, so to speak, 
there must be a line of fibres somewhere between the two 
that are neither crushed nor stretched. This line is called 
the neutral axis. 

26. Wood in general bears stretching better than crush- 
ing, and so does wrought iron; but with cast iron the 
case is reversed, so that the position of the neutral axis, 
when the strains are heavy enough to develop the neu- 

B d 
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trality of the middle fibres, varies with the difference of 
the material employed. But it is near enough for our pre- 
sent purpose to say that it is about midway between the 
top and bbttom sides. Its precise position in a beam 
under strain has been much debated ; but we believe it is 
correct to say that it lies in the line of the centre of 
gravity of the sectional area when the strain is small, and 
that it is only in cases of extreme stress, or of ultimate 
fracture, that it is found shifted to a position corespond- 
ing to the relative crushing and stretching strengths of 
the materials, that is, to the centre of the forces. It 
is well to know its position, because, in cases where 
struts and tie-beams, liable to severe strains, come to- 
gether for joining at one place, it is advisable, where it 
can be done, to set them so that their neutral lines all 
run to meet at one point. The bolts or rivets used will 
be stressed according as they are placed on the line or 
axis, or outside of it. 

26. As the lever we have been using for our illustra- 
tions is very small, we will fix a cross-head to it, so as to 
magnify the action of the fibres on the wall-line. The 
length of the arm c &, Fig. 11, is 12 inches, and of the 
cross-head, which represents the depth of the beam where 
it enters the wall, 4 inches, a c and c d being each 2 
inches. 

The rod c b may be regarded as in the neutral line. 
We next hinge the lever by a pin through the cross-head 
at c, to allow freedom of motion to the ends, a d and by 
when affected by the weights applied. 

The 5-lbs. weight is suspended at 6, and by cords from 
a and d, passing over the small pulleys, e and/, we hang 
weights until we balance the 5-lbs. weight at 6, so as to 
bring the arm, c 6, to a level. 

We find that the weights hanging from e and/ require 
to be each of 15 lbs. to do this, because, from the centre 
pin, c, to each of the two points, a and d, is 2 inches, and 
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by the simple law of leverage the arm, c b, being six times 
the length of c a or of c d^ we get 5 lbs. at b, multiplied 
by six times, which equals 80 lbs., to be halved between 
the two short arms, c a and cd, or 15 lbs. to each. 

27. Let ns shift the hinge to d, and using the cord 
and weight over the pulley/ only, we find that 15 lbs. 
will still balance 5 lbs. at b, because ad is 4: inches, c 5 is 
three times as long, or 12 inches, and 5 lbs. multiplied by 
three gives 15 lbs. as the balancing weight at a. 

28. On placing the hinge again at c, and letting the 
end d go free, using only the weight over/, we find that 




e, 
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Fig. 11. 



80 lbs. is required to balance the 5 lbs. at b, because d is 
not in action to take its half as before. 

29. But, supposing the arm c b were a solid one, as in 
Fig. 10, and of 4 inches uniform depth to the outer end b, 
12 inches long, and firmly fixed in the wall at a d, and it 
were wanted to know the stress in the body of the arm 
at a d, the simple rule we have here given for leverage 
only would not give us it, as that rule assumes that the 
beam is perfectly rigid in itself, and free to rock on its 
resting point. 

80. For easy illustration, we assumed that the neutral 
line lay midway between the top and bottom sides, but 



12 IBON AND HEAT. 

we will now endeavour to determine its position when 
the strain is just at the breaking point. 

81. There are tables to give us the strength of different 
materials to resist crushing and stretching. We will 
suppose the beam to be of ash wood, the tenacity of 
which, according to one of these tables, is 17,200 lbs. 
per square inch of sectional area; that is, it will take 
that weight to break, by tearing, a rod 1 inch in thick- 
ness and in breadth, when the rod is held plumb with 
the weight on the lower end. From the same table we 
find that the strength to resist crushing is equal to a 
pressing load of 9,000 lbs. per square inch of area. 

82. In the case of a beam at rest, all the fibres, top 
and bottom, are alike free from strain. When we 
apply a light load to the end of the beam in Fig. 10, 
just enough to cause observable deflection, the length 
of the curve of the upper line, a e, where the fibres are 
in a state of very moderate tension, will not diff'er 
appreciably firom the length of the lower curve, df, where 
the fibres are being very lightly compressed. 

88. Now, as the stiffness of a beam consists of the 
resistance which it can offer to a force tending to make 
it assume the curved form, and as that resistance is 
made up of two powers, one of which acts in tension 
. on the upper or rounded side, and the other in com- 
pression on the lower or hollow side, it follows that, in 
strains progressing from a state of rest onward to the 
breaking point, the powers of the beam will, in the first 
stages, be strained so far within the limit of their 
strength, that the neutral line, barely developed, may be 
held to lie about midway ; but, in the later stages, the 
weakest of ihese powers begins to yield under stress, 
while the stronger power has yet strength and to spare : 
and it would appear from evidences in broken beams 
of iron as well as of wood, that the latter power yields 
up from the half of the beam it acts in, fo*r the relief 
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of the weaker power, as much of the sectional area as 
more or less nearly corresponds with that difference in 
strength. 

84. This, however, must not be regarded as fixed and 
easily demonstrated, because very much depends upon 
the nature of the material, as the parts of the weaker 
power that are the most distant from the neutral line, 
and that therefore are subjected to more severe strain 
than the inner and nearer parts, may not be able to 
stretch sufficiently to let the stress cross the middle line, 
and take up for its help all the area that the stronger 
power can dispense with. 

85. We will seek to make this clear by the lines in 
Fig. 12, which we make to agree with the proportions 




s c f d 

Fig. 12. 

for the stretching and the crushing powers in ash. We 
will suppose these lines drawn upon one of the vertical 
sides of the beam, so that the top and bottom lines, 
r r and s 8, would be curved when the beam bent under 
a load. Eegarding the indications of strain in the dif- 
ference between the respective lengths of the top and 
bottom curves, we will speak by-and-by. 

86. The stretching and crushing strains above and 
below the neutral line must be equal, though one of 
the two resisting powers may be overcome before the 
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other. To maintain this equality, however, the distance 
c(2, ,in Fig. 12, representing the proportionate crushing 
strain when near the hreaking point, must be made as 
much longer or shorter than a 6 as the power of the 
material to bear crushing is greater or less than its 
power to bear stretching. 

87. By dividing the 17,200 by the 9,000 lbs. for ash, 
we get a proportion, or ratio as it is called, of 1*91 to 1. 
So that if we make the distance cd, in Fig. 12, equal 
to 1*91 inches, a b will require to be 1 inch. You see 
we reverse the position of the ratios, and place the 
greater quantity on the under side or line of crushing, 
because ash, being better able to resist a stretching than 
a crushing force, requires that the sectional area of the 
crushing side should be as much greater than the area 
of the stretching side, as the power to resist stretching 
is greater than that to resist crushing. By so doing we 
have the greater area with -weaker strength balancing 
the smaller area with greater strength. 

We now draw a line diagonally from b to c, and 
another from a io d; the point ^, where these two lines 
cross each other, is in the neutral line h i, relating to the 
breaking strain; and the power to resist stretching, 
represented proportionately by the triangular space gab, 
is equal to the power to resist crushing represented by 
the triangular space gcd. 

88. The fibres in the neutral line g have no strain at 
all upon them, while those farthest off at the top and 
bottom sides, a b and c d, have greatest strain ; we must, 
therefore, strike an average between this no strain and 
greatest strain, which we do by finding the centre of 
gravity of each triangular space, and as the centre of 
gravity of a figure of this form is one-third of the depth 
egoxfg, measuring from e or /, we fix these points at 
I and 0, and draw lines j k and m n passing through them, 
and parallel to the bases, a b and c d, of the triangles. 
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89. Now, as the length of the lines a b and c d repre- 
sent proportionately the respective powers to resist 
stretching and crashing, we find that these lines, j k and 
m n, represent proportionately the average strains in their 
respective areas; so that when the lines ab and cd 
have values which are respectively represented by 
17,200 lbs. for the first, and by 9,000 lbs. for the last, 
the lesser lines j k and m n give in their shorter lengths 
the reduced average values by which the respective areas, 
g cd and g ab, may be multiplied, when an estimate is 
required of the forces exerted on the top and bottom sides 
of the neutral line. 

40. The strength of beams is directly as the breadth, 
and inversely as the length, but as the square of the 
depth ; that is, if the breadth be, say doubled, the 
strength is simply doubled ; and if the length be doubled, 
the strength is only one-half of what it was when the 
length was single. As regards the squaring of the depth 
some explanation is necessary. 

41. The depth /^ of the beam in Fig. 12 is made up 
of a certain number of fibres, which bear their respective 
shares of the stress in the proportion of their leverage 
distance from the neutral line, where the leverage is 
nothing. The fibres at a 6 are outermost on the curve 
that will be formed by the bending of the beam, and will 
therefore be more stretched than those fibres that lie 
nearer the neutral line ; but their greater leverage distance 
from g to e enables them to bear their greater strain, 
with no more absolute fatigue, up to the breaking point, 
than is felt by the fibres, say on the line j k, with their 
proportionately lighter strain, but shorter leverage g I, 

But, as the fibres subjected to the tearing force must 
stretch, in the same manner as india-rubber stretches, a 
certain extent before rupture takes place, it is plainly to 
be seen that the fibres which form the outside of the curve, 
as at a 6, will reach that stretching limit first, and con- 
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sequently will break first. The fibres Ijring nearer the 
neutral line will not break until the fracture outside of 
them has opened sufficiently to let them stretch to the 
same extent as the outer fibres. 

42. In estimating the total resistance offered by the 
fibres contained in the depth g e. Fig. 12, we must first 
observe that the term fibre means any small fraction of 
the depth, so that we may assume any number of them 
to make up the depth ; but the greater the number we 
assume, the greater will be the number of our figures, 
should we have to square all their respective distances, to 
find the proportionate strain on each. 

43. Let us suppose the fibres between j k and a & to be 
cut away; the beam so reduced in depth would be 
reduced in strength to the extent of the depth cut away, 
multiplied by the leverage belonging to it ; showing that 
the fibres being all of equal natural strength, the greater 
stress that comes upon them as they recede from the 
neutral line is counterbalanced by the greater leverage 
in the increasing distance from .that line. 

In thus reducing the depth, however, the neutral line 
would shift to a point lower down, so as to maintain the 
balance between the two powers of the beam that respec- 
tively resist the crushing and the stretching forces ; but 
this does not affect the question of loss of strength caused 
by the cutting away of so many fibres, because when 
estimating by the simple leverage distances,, we get 
always the same sum total of these fractional distances 
for a given depth, no matter at what point of that depth 
we place the neutral line. 

44. The squaring of the depth of a beam, therefore, 
means no more than the multiplying of so many fibres 
composing the depth by the leverage, which is the same 
as that depth; and as in estimating the strength of a 
beam the crushing and the stretching forces act equally 
in resisting the strain, though with different sectional 
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area, the full depth, ef^ is taken, and mnltiplied by the 
two leverage distances, g e and gf, that is, by e/, to get 
the fall fibre depth by the fall leverage. 

45. We will try to explain by figures the reason for 
using the full leverage ef, instead of the leverage between 
the centres of gravity I and o. 

The distance between g and « is as 8 to 2 for the 
distance between g and Z, so that the fibres at I have only 
two-thirds of the strain upon them that those at b have ; 
but g e, with the neutral line at g placed as shown for 
ash, measures 1*88 inches in the 4-inch depth of beam, 
when the two powers of resistance in the beam are 
respectively represented by the 1*91 inches and 1 inch 
distances on the upper and lower lines, as at c (2 and a b. 

46. By dividing the 12 inches length of the beam by 

12 
this 1*88 inches, we get - — = 8*69 times the distance 

geiB contained in the length of the beam, that is, the 
length of the beam represented by the line 6 e, in Fig. 18, 




Fig. 18. 

is as 8*69 to 1 for a 6, which represents the distance ge 
of Fig. 12 ; in this we must suppose the angle at b, in 
Fig. 13, to be hinged, to allow the leverage to act. 

Now as the efiect of the stress upon the fibres is, for 
our present purpose, sufficiently represented by their 
proportionate distances from the neutral line, when we 
seek merely a relative estimate of the forces at work 
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within the beam, we employ simply the 8 to 2 proportions 
already got for g e and g I, of Fig. 12. This being under- 
stood, we multiply 8*69 by 3, and get 26*08 as the 
relative stress in the outer fibres of the upper line ah. 

41. And, as regards the inner fibres, g I being one- 
third shorter than g e, and therefore measuring only '92 
inch, it follows that the 12 inches length of beam is 

-— -- = 13'04 times as long; therefore, referring again 

to Fig. 13, the beam 6 c is as 13*04 to 1 for the fibre 
distance b a, the latter representing the distance gl of 
Fig. 12. 

Multiplying 13*04 by the 2 which stands for the 
proportionate strain or distance at I, gives likewise 26*08 
as the relative stress in the inner fibres of the line j k ; 
and as this proves that the capacity for resistance in the 
fibres that form the depth of the beam is equal from top 
to bottom, it is sufficient for the estimation of the fibrous 
strength to use the simple distances g e^ gf -= ef for 
the multiplier, when squaring ef, the depth. 

48. It follows as a consequence of this rule, that the 
comparative stress on any fibre may be ascertained by 
squaring its distance from the neutral line, that is, by 
multiplying that distance by itself. 

49. When the upper side, a b, of the triangle, agh^m 
Fig. 12, represents proportionately the strength, say for 
tension found in the tables, we can find the proportionate 
assistance rendered by the inner fibres, when the outer 
fibres are stressed to the extent of that strength, by 
measuring the horizontal lengths, as j* k, lying within the 
triangular area. 

60. Thus, for ash, the line a b represents 17,200 lbs. per 
square inch of sectional area as the power of resistance to 
a stretching force. 

Now, if we take the fibre, j k, which passes through I, 
the centre of gravity of the stretching force, we find that 
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its proportionate length by measurement fron^^ to k is as 
2 is to 8 for the length of the outside fibre, a & ; so that, 
multiplying 17,200 lbs. by 2 and dividing by 3, we get 
11,466 lbs. per square inch as the proportionate stress at 
the line j k — so long as the outer fibres remain unbroken. 
When we multiply this reduced force by the leverage 
already found for g Z, thus — 

11466 X 13-04 = 149516, 

which is nearly the same as we get when we multiply the 
tabular force by the leverage already found for g e, thus 

17200 X 8-69 = 149468. 

When the outer fibres give way the inner fibres in 
succession break only when the stress brought upon 
them increases to the standard 17,200 lbs. per square 
inch, but being at a disadvantage regarding leverage, the 
load overcomes them with increasing ease as the fracture 
extends inward. 

51. We can illustrate this disadvantage of the inner 
fibres, regarding leverage, by changing the distances in 
the cross-head lever of Fig. 11. 

It will be sufficient if we take one side only, c a, to 
correspond with g e or gl of Fig. 12. Let the neutral 
line (represented by the thin arm, c h. Fig. 11) be placed 
on the cross-head in the position found for ash, that is, 
in the 4-inch depth, at 1*38 inches from the top side, a, 
and 2*62 from the bottom side, d. Having done this, we 
hang the 5 lbs. weight as before at 5, and again use 
counterbalancing weights hanging by a cord over the 
pulley, /. We now employ the 8*69 and 18*04 lever- 
ages previously found, and, multiplying 8*69 by 5 lbs., 
get 43*45 lbs. for outside fibres required at the pulley, /, 
to counterbalance 5 lbs. at b. 

52. We now shift the cord, a/, one-third nearer to c, so 
as to make a correspond with I of Fig. 12, and therefore 
•92 inch from c. We here have a leverage of 18*04 times to 
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multiply by 6 lbs., which gives us 65*20 lbs. at/ required 
to balance 5 lbs. at b ; consequently the fibres at the last 
position, *92 inch firom c, are enduring one-half more 
stress than was required of the fibres at 1*88 inches 
from C) or as 8 to 2. 

58. But this excess of stress is due to simple loss of 
leverage ; whereas the strength of a beam varies as the 
square of the depth, thus, ^ ^ = 8* = 9 ; and ^ Z = 2* := 4, 
which shows a reduction in strength of fully one-half, i 
Vhen the depth is reduced one-third. 

54. The ^rength of our beam of 12 inches length by 
4 inches depth is say equal to 1 power, when the breadth 
is only 1 inch. By increasing the breadth to two inches 
we increase the strength to equal 2 powers ; and if the 
breadth be made 4 inches the strength is raised to equal 
4 powers. Let the beam of 12 inches length be equal in 
strength to say 1 power; we reduce the strength to 
i power when we increase the length to 24 inches ; but 
when we make the length 6 inches only we raise the 
strength to 2 powers. 

65. When we understand this simple proportion of 
increase or reduction as regards the breadth and length, 
we can easily see that when the strength as regards the 
depth is not in Uke sunple proportion, but as the square 
of the depth, that is, as the depth multiplied by itself, a 
square inch of sectional area added to the depth must 
give more assistance to the strength of the beam than a 
square inch added to the breadth ; thus, if the strength 
of our beam of 4 inches depth by 2 inches breadth (equal 
to eight sectional square inches) be equal to 2 powers, 
and we get only 2 powers more, or 4 powers altogether, 
by doubling the breadth, that is, by making the sectional 
area 4x4 = 16 square inches, we get a strength equal 
to 16 powers when we keep the breadth two inches as at 
first, but make the depth 8 inches, 8 X 2 = 16 sectional 
square inches, the same as the other. 
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56. We will square both the depths to show how the 
difiference arises. 

4 inches depth x 4 inches leverage = 16, 
8 n »» X 8 ;, „ = 64, 

64 

--. = 4 times, so that the strength of the 16 sectional 

lb 

square inches, with the 4 inches depth, being assumed to 

be nominally equal to 4 powers, the same area with the 

8 inches depth is 4 powers x 4 times = 16 powers. 

57. When we consider the matter a little more closely, 
we can see likewise that if the strength of 8 inches depth 
at the wall end be necessary to bear a given load placed 
at the outer end of the 12 inches length, that is, to bear 
the 12 inches leverage of the load, less depth than 
8 inches would be sufficient at, say, the middle of the 
length, where the load can exert no more than 6 inches 
leverage. 

58. We will try to explain this by means of Fig. 14. 




Fig. 14. 

abed is the side of the rectangular beam 12 inches long 
by 8 inches deep. The load is supposed to be suspended 
from the point c. 

The square of the depth, ab, is 8 X 8 = 64, with 
12 inches leverage for load, and we want to know what 
depth of beam is needed at any point in the length, a c, to 
be of equal strength with this fall depth at the wall end» 
proportionate to the stress suffered at these points. 
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59. The rule is one of simple proportion, so that, 
having got 64 as the square of the full depth at the wall, 
we use that number as the middle term, and, taking any 
point, say e, 6 inches distant from the load end c, mul- 
tiply the 64 by it, and divide by the fall leverage 12 
inches, thereby getting 82 as the square of the depth, ej. 
Now, we find that the square root of 82, or the number 
that multiplied by itself will give 82 (as 8 times 8 gave 
64), is 5-65 inches, the depth required at e to be relatively 
as strong as the 8 inches depth at the wall. 

We will put the figures into the regular form thus, — 

inches, ah inches, e/ 

12 : 64 : : 6 : 32. 

-v/82 = 6-65 inches depth at e, and similarly for any 
other point, measuring always from the load end. Were 
we to find the depths for as many points as would enable 
us to draw the line 6/ c in its true form, we should find 
that one-third of the beam may be thus cut away from 
the under side as useless for strength, and that the line 
hf c would form a common parabolic curve, the properties 
of which do not concern our present inquiry. 

60. The rule we have given applies to square-cornered 
or rectangular beams, such as we have been using, and to 
flanged beams, which we will describe later on, and 
requires that the breadth be kept uniform. 

61. As we may not have occasion again to speak 
regarding this reduction of the sectional area, we may 
here remark further that, supposing our beam were 
11 feet in length, and supported at both ends, with a 
clear span of 10 feet between the supports, and that we 
wished to keep the depth the same from end to end, we 
can begin from the middle of the span, and reduce the 
breadth gradually as we proceed toward the ends, with- 
out decreasing the strength, by a rule not very different 
from that which we have used in reducing the depth of 
the beam projecting from a wall, when the load is dis- 
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tributed, but a different method has to be nsed when the 
load is in the middle. 

62. In either case, however, we require to find the sec- 
tional area required at the points of support to resist 
what is termed the shearing stress, produced by the com- 
bined weight of the beam and load. The leverage of the 
load does not here operate, the simple dead weight alone 
being in action. 

68. In tables of the strength of materials, we find that 
good cast iron possesses a resistance to shearing equal 
to 82,500 lbs. per square inch. If, therefore, the beam 
and load weigh together 65,000 lbs., which would give 
to each point of support one-half of that, or 82,500 lbs., 
equal to the resistance per square inch opposed to shear- 
ing, one square inch of sectional area at each point of 
support would be shorn through under this pressure : we 
therefore provide for safety by making the area 4 square 
inches at least, so that the material shall not be tested 
beyond one-fourth of its shearing strength. 

64. These 4 square inches being the sectional area 
required at the points of support to bear the load named, 
we find the sectional area required for the middle by 
rules which we will explain in due course, and then, 
when the load is in the centre, and we wish to make 
the strength uniform by decreasing the breadth towards 
the ends of the beam, we draw straight lines firom the 
breadth found for the middle to the breadth of the 4 inches 
area at each of the points of support, and thus get for the 
figure of the whole beam as regards the breadth, a double 
taper, as shown by the dotted straight lines, akb, ach, 
Fig. 15. 

65. When the load is in the centre, and we make the 
strength uniform by decreasing the depth towards the 
ends of the beam, we find the area at the ends to resist 
shearing, and the area at the middle for transverse 
strength as before; then, measuring from the ends at 
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the points of support, as we did firom the point c, 
Fig. 14, find the depth for any point hetween the 
centre and the points of support, in the same manner as 
for that figure. We thereby get not a straight-lined taper 
as for the breadth, but a parabolic curve, because, where- 
as the strength of a beam, as we have already seen, is 
simply as the breadth, it is as the square of the depth ; 
hence the curve. The curved line which is thus found 
we draw from the top of the middle depth to the top of 
the depth of the end area, as in Fig. 16. 

66. When the load is distributed, we get curves instead 
of straight lines for the outlines of the figures, in breadth 
as well as in depth; because the load being equally 
distributed along the length, each point in that length is 
bearing directly its proportionate share of the dead weight, 
in addition to the transmitted strain from the parts lying 
nearer the middle, so that its sectional area requires to be 
proportionately greater than when, as in the case of a 
central load, the strain is mainly a transmitted one from 
the centre. 

67. Theoretically, when finding the curves of uniform 
strength for a distributed load, the distance between the 
points of support is taken as the length of the beam, 
which causes the curves to meet just where they touch 
the points of support ; but as the beam has to be sup- 
ported at the ends, and an area provided to resist the 
shearing stress, we will employ the full length of the beam. 

68. Let a 6, in Fig. 15, be 11 feet, and let d be the 
middle point in the beam, with the half-breadth d c equal 
to the load that has to be borne. We find. that the half- 
breadth at any other point, say ef, is to the half-breadth 
dcsiseaxeb is to da X dh, and similarly for any 
other point. 

Thus, d a and d h are alike 5*5 feet, and we will 
assume that ^ a is 8*5 feet and eb.7'5 feet, and that ^ a is 
10*0, and ^^1*0 foot. 
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Then da x db = 30*25 proportional power 
eax eb = 26-25 
gaxgb = 10-00 
iaxi b= 2-68 

or, nsing the figures only, — 

5-5 X 6-6 = 80-25 
8-6 X 7-5 =26-25 
1-0 X 100 = 1000 
0-25 X 10-75 = 2-68 
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So that, if the half-breadth d c equal 6 inches, the half- 
breadths at the other points will be reduced as follows, 
again using the simple rule of proportion. The propor- 




tional power of ef is 26-25 ; we multiply this by the 
6 inches half-breadth, and divide by the 80*25 propor- 
tional power of d c, and get 5-2 inches as the reduced 
half-breadth e /, and, treating the 10-0 and the 2*68 
powers in the same manner, get 1*98 inches and 0*58 
inch as their respective half-breadths. 

69. For readier apprehension we put the figures into 
form thus, — 

30-25 = 6-0 inches 
26-25 : 5-2 
10-00 : 1-98 
2-68 : 0-53 



dc = 

ef = 30-25 : 6 : : 
gh = 30-25 : : : 
t j = 30-25 : 6 : : 
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70. In finding how much can be taken from the top 
side of a rectangular beam of uniform breadth without 
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reducing the strength, the load being uniformly dis- 
tributed, we treat the depths as we treated them in 
Figs. 14 and 16, measuring our lengths from the ends of 
the beam at the points of support. 

71. When the load is uniformly distributed along a 
rectangular beam of uniform breadth projecting from a 
wall, as in Fig. 14, one-half of the depth can be cut away 
along the dotted straight line, c b, of that figure, because 
the centre of gravity of the load is now in the middle of 
the length, in place of the outer end c. In the latter 
case, that is, with the load at c, we have at the wall the 
load leverage equal to the whole length of the beam, 
whereas, with the load equally distributed, we have the 




Fig. 16. 

leverage equal to one-half the length, so that as we have 
seen it to be necessary in graduating the depth for the 
load at c to employ the square of the depth, when the 
whole length leverage is concerned we use the depth 
simply, when the leverage for the same load is reduced 
by reason of the equal distribution to one-half the length ; 
hence, in the case of the depth at any point «, we have — 

c e : ef^ :: ca : aly* 

when the load is at c, but when it is uniformly dis- 
tributed we have — 

ce : ef :: c a : ab, 

72. When these rules are used the depth must be kept 
uniform when the breadth is graduated, or the breadth 
when the reduction is being made in the depth. 
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SECTION II. 

73. We will now direct our inquiry to beams of a 
different material and less simple form, and shall de- 
pend greatly upon the separate researches of Fairbaim 
and Hodgkinson for our data. 

74. Fig. 17 represents a cast-iron beam of the most 
approved and the strongest form, usually termed Hodg- 
kinson's. 

The upper and lower flanges are proportional to the 
respective powers of cast iron to resist stretching and 
crushing forces in a manner similar to the triangular 
spacing of the powers of resistance in Fig. 12. 

76. We find here that the neutral line more closely 
coincides with the middle of the depth than in the case 
of rectangular beams, as there is only the limited area of 
the comparatively thin mid-web to produce a difference. 

76. Hodgkinson found, by experiment, that in the 
strongest section for cast iron, the bottom flange, cd, 
contained about six times the area of the top flange, fg. 

Cast iron of a good quality exposed to a crushing force 
is able to bear a pressure of 105,678 lbs. per square inch 
sectional area ; but when suffering tension, it gives way 
under a force of 17,628 lbs. per square inch. 

— — — = six times nearly that cast iron is better able 
176ii8 

to resist crushing than stretching. 

77. The mid-web between the top and bottom flanges 
requires to be stiff enough to transmit the strain, and in 
so doing is respectively stretched and crushed in the parts 
lying above and below the neutral axis ; but these being 
only inner partS) allow the main stress to be borne by the 
flanges. 

78. When we leave the limited assistance of the mid- 
web out of consideration, the resistiiig ^eciioYi'^ \i^^sv"^ 

2 
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mainly at top and bottom, it follows that each section acts 
with a leverage equal to the distance between the centres 
of resistance of the flanges respectively in the lines m and 
», consequently, making that depth, mn, in Fig. 17, equal 
to 11 inches, the area of the top flange, f/ ag, equal 2 
p Q square inches, and gc J>d equal 

12 square inches, we get a 
balance in figures thus : — Mul- 
tiply the depth, m n, by the area, 
ccDdy for the stretching power, 
and we get 11 x 12 = 182. 
^ Now multiply the same depth 



E= 



n 

0^ 



m --| by the area, r/ g ^, for the crush- 

D ing power, and by six times for 

^^' ^^ the ratio of greater power of 

cast iron to resist crushing than to resist stretching, and 

we get 11 X 2 X 6 = 132, so that the two powers are 

balanced in the beam 

79. This mode of estimating the balance assumes that 
the respective areas of the flanges are in the ratio of one 
to six, and for the sake of simplicity we have left out of 
account the help afforded by the mid- web, but shall have 
to include it in our estimate of the full strength of the 
section. 

80. In using the areas of the flanges, we took no note 
of the breadth or thickness ; but we can easily see that if 
we merely make the areas proportionate, without respect 
to thickness or breadth, and, keeping the full depth of 
beam 12 inches, as in Fig. 17, give a clumpy form to the 
bottom flange, as shown in Fig. 18, we have the parts on 
the inner line c c^ so far from the point of greatest stress 
c D as to give little assistance to the parts at c d. 

81. If, on the other hand, the flange be made very 
broad and thin, the parts at the extreme ends, c and d, 
being unsupported, and therefore at a disadvantage, com- 
pared with those parts which lie nearest to the junction 
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with the mid- web, and having to transmit their assistance 
through an arm of comparatively great length and little 
thickness, the strength of the whole flange is less than 
when the parts lie more gathered in about the junction 
with the mid-web. 

82. Tate's Bule, which we will give presently, takes 
the thickness of the flanges into consideration ; but as it 
assumes conditions which may be wanting, and employs 
a constant which is either too much or too little, according 
as the iron is above or below the average strength, we 
will, before proceeding with the rules of ordinary practice, 
endeavour first to explain a method of estimating the 
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strength of any double-flanged section, when the respective 
powers of the material to resist tension and compression 
are known. 

83. This method we offer less for direct practical use, 
being a little tedious, than for illustration of the manner 
in which the resisting forces act within the beam, accord- 
ing to the situation of the resisting parts. 

84. In employing it to find the breaking strength, we 
must consider the material on the outer lines, u b and c d, 
in Fig. 19, as subjected respectively to full breaking stress 
in tension and compression, and the inner parts as bearing 
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less and less strain, until at the neutral line all stress has 
ceased in the manner described in relation to the triangular 
spaces in Fig. 12. 

85. We will not in this present case use triangular 
spaces ; but our treatment of the distances from the neutral 
line, in Fig. 20, will give the proportionate resistances 
equal to what we should get by using triangular spaces. 

86. We will treat the whole section very nearly the 
same as if it formed part of a simple rectangular section 
of the shape shown by the dotted lines, a b e f, in Fig. 20, 
and we wanted merely to know what proportion of the 
whole strain belongs to the middle part, which represents 
the flanges and mid- web of the lighter section. 

. 87. The proportionate spaces occupied by the top and 
bottom flanges, a b and c d, Fig. 19, may be regarded as 
taking the place of the proportionate triangular spaces of 
Fig. 12 ; but we cannot flx the position of the neutral 
line so directly as in that latter case. 

88. We will take for our example one of Hodgkinson's 
experimental beams, which broke with a load of 12 tons 
16 cwts. at the centre. 

The dimensions of the section. Fig. 20, are as fol* 
low: — 

Beam supported at both end. 
Distance between supports = 9 feet. 
Depth at centre = 10*25 inches. 

Bottom flange, 6*14 x 0*77 = 4*727 square inches. 
Top flange, 2-10 x 0-27 = 0*567 „ „ 

Thickness of mid-web at c := 0*26 inch. 
Ditto g = 0*35 „ 

89. The taper of the mid- web throws the respective 
centres of gravity closer to the lower end of each of the 
two divisions than when the thickness is uniform; but 
for the present we will merely give the positions. 

The taper in this particular beam is so slight, and the 
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web is so thin, that it might practically be treated as of 
nniform breadth; but as beams are sometimes formed 
with the web of considerable taper and thickness, we will 
later on explain a method for finding the centre in a 
tapered figure. 

90. To find the nentral line in Fig. 20, let h and h be 
middle lines in their respective flanges, and e midway 
between a and L Also let d and / be the centres of 
gravity in the respective upper and lower divisions of the 
mid- web. 

Multiply the length, e e, by the average thickness to get 
the area of the upper division, and add this to the area of 




Fig. 20. 

the top flange. Subtract this united area from the rect- 
angular area, abcd, and we get the diflerence between the 
sectional area of the upper half of the flanged figure, and 
half the area of a rectangular section, in breadth equal to 
the lower flange, and in depth equal to the beam, the 
centre of gravity of the whole of which rectangular section 
would be in the middle line e, 

91. Treat the lower division similarly, and subtract the 
difliBrence got for it from the diflerence got for the upper 
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division, and divide the result by twice the whole sectional 
area of the flanges and mid- web : we thereby get the dis- 
tance of the neutral line proper to the flanged section 
below the middle line e at x, 

92. We shall find it convenient to indicate the respective 
areas by letters, thus, call the 

Area of the lower flange m 
,, „ lower mid- web n 
„ „ upper mid- web o 
„ „ upper flange p 

m = 4*727 square inches area 
n = 1-424 



= 1-370 
p = 0-567 
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6-151 
937 



8-088 
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ABCD = 31-467 
CDEF = 31-467 

ABOD — op= 31-467 — 1-937 = 29-58 difference 
ODBP — mn = 81-467 — 6-151 = 25-316 
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4-214 
8-08 X 2 = 16-16 

4-214 

_--__ = -26 inch from e to neutral line x 

lo-lo 

Distance eio i = 5-125 inches 

-26 



4-865 inches x to t. 

98. The whole depth of the beam at the middle being 
10-25 inches, we have the intermediate distances as 
follow : — 

a to & = 0-135 inch. 

a „ (i = 2-885 „ 

a „ a? = 5-885 „ 
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ito h = 0-386 inches, 
i „ / = 2-755 „ 
i „ a? = 4*865 „ 
ar „ r = 3-286 „ 
ar „ 5 = 3-96 „ 

The distances a d and if are found for the altered areas 
of the mid-web divisions produced by the finding of the 
neutral line x, and the points r and s are the respective 
centres of gravity for the areas under tension and com- 
pression, the method of finding which we have yet to 
explain. 

94. The iron of which the beam we have taken for an 
example was made had a power to resist compression 
equal to 110,908 lbs. per square inch, and a power to 
resist tension equal to 17,136 lbs. per square inch. 

95. We have now to find the centre of gravity for the 
lower areas, m n, under tension, and, employing the ordi- 
nary rule for finding the centre of gravity for any two or 
more detached bodies, will use the line i as the base line 
for our first distances. 

We multiply the aream by the distance ih, and the 
area n by the distance if, and adding the two products 
together, divide by the two areas simply united, and thus 
get the distance from the base line i of the centre of 
gravity s for the whole area under tension, and this 
deducted from the length itox gives the distance x s, 

m X ih = 4-727 X '385 = 1-819 
n xif = 1-330 X 2-755 = 3-664 



6-057 6-483 

6-483 



= -905 = is 



6057 
ix — is = 4-865 — -905 = 3*96 inches = a?s 

96. When the centre of gravity is required for the area 
under compression, the top line a is made the base llue^ 

8 
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and the areas p and o treated in the same manner as we 
have treated m and n; but to get the breaking strength, 
we require merely to find the stress in the section under 
tension. Were we to attempt to estimate by the com- 
pressive strength of the material in the upper parts, quite 
a different method would have to be adopted, owing in 
part to the relative proportions of the upper flange and its 
division of the mid- web varying at a different rate to the 
relative proportions of the lower flange and its division 
of the mid-web when the depth a to i is increased or 
diminished. 

97. The tensile strength of the iron is 17,136 lbs. per 
square inch of sectional area ; but in a case of breaking 
by bending, we can look for that full streps only on the 
outside line i, which breaks first : hence we multiply 
17,136 by the distance a? 5, and divide by the distance a?i, 
to get the mean or average stress per square inch for the 
whole area under tension. 

We then multiply that average stress per square inch 
by the area of m n, and get the total stress for that area, 
when the parts on the outside line i are on the point of 
breaking. 

17136 xxs 17136 X 3-96 - qq . q ,r, 

: = rr^ = 13948 lbs. per square 

an 4*865 ^ 

inch average stress. 

18948 X 6-057 = 84483 lbs. total tensile stress. 

98. But as the main stress is borne by the thickness of 
the flange between g and i, we use the leverage distance 
X to h, the middle line of the flange, to multiply this total 
stress, and divide by one-eighth of the span, all in inches, 
and thereby get the breaking load in pounds ; thus — 

84483 X 4-48 = 378483 



108 = 13-5 

8 



= 28035 lbs. = 12-615 tons. 



The actual breaking weight was 12-8 tons, or -285 ton 
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more than we have got by this method of estimating, 
erring on the safe side. 

99. We will presently employ two other methods of 
estimating the strength, viz., Hodgkinson's for ordinary 
practice, and Tate's. Meantime, we will simply note 
results obtained from them for comparison. 

The former gives only 11*66 tons, being 1*14 tons less 
than the actual breaking load ; while the latter gives 
12*68 tons, being *17 ton under. As the dimensions of 
the beam increase, however, these two methods, and the 
one we have been using, give much closer results. 

100. Thus, again using the section and letters of Fig. 
20, and assuming that the iron is of the same quality as 
in the experimental beams, from the breaking strengths of 
which the constants were derived, that is, of 17,186 lbs. 
per square inch tensile strength, we shall take one of 
Fairbaim's beams, and find the breaking strength by 
each of the three modes. 

Span = 26 feet 

Depth of beam at centre =27*5 inches 

Top flange = 8x1 = 8*0 square inches 

Mid-web a: to c = 18*048 X 1 = 18*1 

a: to ^ = 10*452 X 1-25 \ 

Thickness at a; = 1 inch > = 18*065 „ 

»> >j 9 = li n / 

Bottom flange 16 X 8 = 48*00 „ 

Distance e to the neutral line » = 0*298 inch. 
Hodgkinson's simple method gives 110 tons 
Tate's. ........ 112 „ 

The third method 111*95 „ 

breaking load on the centre of the beam. 

101. It must be observed that these rules are appli- 
cable only to beams somewhat similar in form to that 
which Hodgkinson proved to be the strongest, and on 
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acconnt of the varying quality of iron, can be relied on to 
give only approximate results. 

102. When beams of T-form are employed, or beams 
with double flanges, in which the parts situated close to 
the upper and lower extremities of the depth, about the 
lines a and i, Fig. 20, are not respectively at a and i in 
near proportion to the tensile and compressive resistances 
of the material, the strength of the beam will be as the 
strength of the extremity of that upper or lower division 
in which the proportionate resistance is less than is 
required to balance the greater resistance offered by the 
other, because the strength of the weaker section is sooner 
expended than that of the stronger. Thus, were the top 
and bottom flanges of a cast-iron beam of equal breadth 
and thickness, the parts under compression within the 
Ike a would be enduring only one-sixth of their breaking 
stress when the parts under tension within the line i were 
on the point of breaking. 

103. The whole area of the section, however, being 
active in resistance in degree corresponding to the dis- 
tance of the parts from the neutral line, the help afibrded 
by the interior section ought to be taken into considera- 
tion when determining the respective areas of the upper 
and lower flanges when a close estimate is required ; 
more especially when circumstances require the mid- web 
to be thick. 

104. Sometimes, in the case of comparatively short 
spans, when the greatest stress may happen by concus- 
sion, as from falling weights upon a floor, the mid- web 
in f-shaped and in double flanged beams is thick, and 
formed with considerable taper in changing the thickness 
to suit the flanges. We will, therefore, here explain one 
mode of finding the centre of gravity, and in order to give 
room for the necessary lines and letters, will exaggerate 
the thickness as in Fig. 21. 

105. Let the depth between the lines a h and c d. equal 
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4*855 inches, the thickness a b equal *805 inch, and the 
thickness c d equal *85 inch, these being the dimensions 
of the mid-web section in tension, Fig. 20, the strength of 
which we have just now been estimating. 

Draw the diagonal line a d, so as to form two triangular 
areas, adc and dab. 

The points /, 0, and g are in the middle of the respec- 
tive lines a c, ad, and b d. 

Draw the four lines ec^fd^ ag, and be ; the points of 
crossing h and i are the centres of gravity of the xespec- 
tive triangular spaces, and will be found to lie at two- 



Fig. 21. 

thirds of the whole depth d to a i, or a to c d, measuring 
from d and a. 

Now, as we may assume the whole weight to be con- 
densed into these points, we make the areas act for the 
weights, and multiply the area adc hy the distance of h 
from the base line c d, then multiply the area dabhj the 
distance of i from the base line c d. 

Add the two products together, and divide the total by 
the whole area abdc, the result is the distance of the 
centre of gravity m of the whole figure, from the base 
line cd, 

106. But, now that we understand how the centres 
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of gravity h and i are got, and that the three divisional dis- 
tances a 6 to i, t to ^, and hio c dsxe equal distances, we 
may at once, in the case of any regular taper figure such 
as we have drawn, hegin by assuming that the centre of 
gravity for the thinner end lies at two-thirds of the whole 
depth, and the centre for the thicker end, at one-third of 
the whole depth, measuring from the base pr thicker end. 
And, as the area of a triangular figure is got by multiply- 
ing the whole depth a b to c d,hy c d and dividing by 2 ; 
and also, the whole depth c d to a b hj a b, and dividing 
by 2, we will proceed to use these measures for finding 
the centre of gravity required, and will find for the lower 
section of mid- web in Fig. 20, e to g. 

107. The depth e to g ib 4-855 inches; one-third of 
this is 1*452, and two-thirds 2*9 inches : 

4"855 X "85 nrraa ' x. v j 

= 0*762 square mches tor a d c 

4*856 X '805 

— 2 = 0*Do4 „ „ „ d ab 

1*426 „ „ ,f a b c d 

0*762 X 1-45 = 1*1119 power at h 
0*664 X 2-9 = 1*9256 „ „ i 

8*0875 

8*0375 

,^^ = 2*18 inches to centre of gravity m for the 

whole section, measuring from the base line c d, and con- 
sequently, 4*855 — 2*18 = 2*225 inches from the line e, 

108. Treating the upper section, ^ to c, in Fig. 20, 
similarly, and measuring as before from the base or thicker 
end, we get 2*861 inches as the distance of the centre of 
gravity for the whole of that section, and 1*871 square 
inches as the area. 

109. In the triangular spaces of Fig. 12, the centre 
of gravity, that is, the centre of the figure, is found at 
one-third of the whole vertical depth, when measured 
from the base line. This centre being also the centre of 
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resistance, is true for rectangular beams, when the parts 
lying outside of the triangular spaces are helping ; but it 
would be otherwise were these outside parts cut away so 
as to leave the triangular spaces alone under the stress, 
as the flanges and mid- web are in the case of a double- 
flanged beam, because, the inner half of the space which 
included the wedge point touching on the neutral line, 
would then contain much less resistance than the outer 
half which had the base line for one of its sides, as we 
should find by multiplying the two half areas separately by 
their respective leverage distances from the neutral line. 

110. We will now apply the rules of common practice 
to the section of Fig. 20. 

Hodgkinson employs a " constant " which remains the 
same, hence its name, for all double-flanged beams ap- 
proximating to the strongest form, that is, with the top 
and bottom flanges in near balance of strength. It is 
derived from the mean of many experiments, and " is 
formed on the supposition that the strength of the flanges 
is so great, that the resistance of the middle part between 
them," which we have termed the mid-web, "is small in 
comparison, and may be neglected." 

In using it, the depth of the beam, and the span, that 
is, the clear distance between the supports, must be in 
inches ; but when these are expressed in feet, the con- 
stant must be divided by 12 ; thus, being 26 for inches it 
is only 2*166 for feet. 

Hodgkinson's rule reads thus : — 

26 X area of bottom flange in sq. in. x depth in inches. 

Length between supports in inches, 

= the breaking load in tons at the centre of the span. 

Applied to Fig. 20, we have 

26 X 4-727 X 10-25 ^^ ._, ^ ^ , . , . 
*== =-7^0 = 11-66 tons at centre, which is 

less than the actual load that broke the experimental 
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beam, bat allowance mnst be made for the special quality 
of the iron of which the beam was made. 

111. Tate's role takes the thickness of the flanges into 
consideration, and is based ^^ on the hypothesis that the 
areas of the top and bottom flanges are to each other in 
the inverse ratio of the force of compression to that of 
extension in the particular beam." Let 

a = the area of the bottom flange 
b = the depth „ ,, ,, 

c = the depth of the top flange 
d = the whole depth of the beam 
I = the clear distance between supports 
w = the breaking weight in tons at middle of beam : 
Then 

16a{2d — b^cy ^ ^ ._.. 
^ = H2d + b — c) = *''''' ** °"^^®- 

112. The 16 here used is another constant quantity, 
less than the constant used by Hodgkinson on account of 
the altered conditions of the rule. It requires that the 
dimensions be in inches. Again using the section of 
Fig. 20, we have the terms as follows : — 

16 X 4-727 (2 X 10-25 — ' 77 ~ '27)' , _ ^^ ^ 

^ = 108 (2 X 10-25 + -77 - -27) = ^^'^^ *'"''" 

breaking load at centre of beam. 

118. As this formula is a little more complex than the 
other, it may be well to explain the treatment of the 
quantities. 

16 X 4*727 = 75-68 to be used for multiplying the 
square of the quantity within the brackets, 2 x 10.25 = 
20' 50, from which before squaring must be deducted the 
two minus quantities -77 and -27 = 1-04 ; 20*50 — 1-04 
= 19-46, which must be squared thus, 19*46 X 19'46 
= 878'69. This must now be multiplied by the 75'68, 
and we get 28,640, to be divided by the quantity below 
the line, which is the length of the span in inches multi- 
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plied by twiee the whole depth of the beam, to which, 
however, must first be added the thickness of the lower 
flange minus the thickness of the upper flange. 

2 X 10-25 = 20-50 
•77 _ -27 = 0-50 



21-00 X 108 = 2268 
28640 



2268 



= 12-68 tons. 



114. Keeping the areas of the flanges the same, but 
spreading the bottom flange out to a greater breadth by 
thinning from -77 to -60 inch thickness, and, using Tate's 
rule as before, we get for breaking load at the centre, 
12-97 tons, which, owing to our having increased the 
leverage distance from the upper to the centre of gravity 
of the lower flange, shows a gain in strength equal to -88 
ton, or about one-third of a ton. By further thinning and 
thereby making the leverage distance still greater, we get 
a further gain in strength theoretically, but, practically, 
the extremities of the flanges may be now so far removed 
from the support of the mid- web, that they give way under 
a lighter load than would be required to break the beam 
were the material less spread out. 

115. The ratio of breadth to thickness of the bottom 
flange in the case of Hodgkinson's experimental sections 
of strongest form, was about 10 to 1 ; but the strains up 
to the breaking point were appHed with care and regu- 
larity not to be expected in ordinary practice, the less 
regular circumstances of which require the flanges to be 
more compact. A ratio of 5 for breadth to 1 for thickness 
is not unusual. 

A ratio of from 8 to 4 for breadth to 1 for thickness is 
often used for the top flange, but a good deal depends upon 
the nature of the strain expected and the length of span. 

116. We may now pass on from these questions relat- 
ing to sectional strength to others relating to the span, 
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and the manner of applying the load, and will find it 
sufficiently near oar purpose to take any simple quantities 
to represent the span and the breaking load at centre, say 
10 and 80. 



SECTION m. 



117. Let Fig. 22 represent a beam, it may be of wood 
or of iron, with a load of 80 tons, representing the break- 
ing strength, resting on the middle, a, of a 10-foot 
span, BO. 

We will leave the weight of the beam out of considera- 
tion, as we are treating simply of forces, and are not 
estimating the strength of any given size of beam, having 




Fig. 22. 

already assumed that the strength is equal to a load of 
80 tons, which load must of course practically include 
the weight of the beam itself, distributed along its own 
length. 

With 80 tons load at a, each of the supports, b and o, 
is bearing one-half, or 15 tons, but each is bearing it at 
the end as it were of a lever 5 feet long. 

118. Now, supposing we were to cut the beam at a, so 
as to make two half-beams, ba and ca (Fig. 23), each 
with its load of 15 tons, we find the stress at b and c, in 
general terms, by multiplying the load 15 tons by the 
distance 5 feet, which gives us 75 ; and we call this quan- 
tity the ** moment" of the load borne by the end at a. 

In scientific works there are many such terms used 
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that may be somewhat embarrassing to one miaccnstomed 
to them, when they occur not singly but in groups, but 
they really very much simplify description, by making 
single words represent compound quantities. 

119. Were we to distribute the 15 tons equally along the 
half-beam, ao, we should find the " moment" of the load 
one-half what it was when all borne at a, because, as we 
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found when considering Fig. 8, the centre of gravity of 
the load when equally distributed being found in the 
middle of the arm, as, at d in Fig. 24, we multiply the 
load 15 tons by the distance on, equal 2*5 feet, and get 
87*5 as the '* moment" of the load distributed. 

120. The moment of the whole 80 tons at the centre, a, 
of the whole span, b o, Fig. 22j is found by multiplying 
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the 80 tons by be or od = 2*5 feet, or one-fourth the 
span, which gives us 75. 

It is, for the whole load and the whole length sup- 
ported at both ends, simply the same as for Fig. 28 with 
half the load and half the length supported at one end 
only, with this difference merely, that in the latter figure 
when the end is fixed, the beam breaks at c, whereas in 
Fig. 22 it breaks at a, when the ends are free. We get 
a like result for the moment of the whole load when we 
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multiply the whole length, b o, by one-fourth the load — 
thus, 10 X 7-6 = 76. 

121. The moment of the whole load equally distributed 
is found by multiplying the 80 tons by or = 1*25 feet, 
or one-eighth of the span, which gives 87*5 for Fig. 26. 
This, with its double support, is simply the same as for 
the singly supported half-length of Fig. 24, the break 
occurring at a instead of at o. 

122. We must bear in mind that the moment of the 
load is simply the load multiplied by its distance from 
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nearest support. We see how it changes, according as 
the load is either equally distributed or all bearing on the 
centre ; the simple dead- weight of the load, meanwhile, 
whether distributed or central, remaining constant in its 
simple downward pressure of 80 tons, divided between 
the supports, b and o. 

128. The beam has been assumed to break at centre, a, 
with a load of 80 tons, the span, b o, being 10 feet, and 
the ends simply resting on supports. 

The curve formed by the beam will be greatest at a. 
Fig. 26, where the centre load is pressing, and will flatten 




as it approaches the supports, b and c ; so that, supposing 
the ends to overlie the supports sufficiently for observa- 
tion, it would be seen that the portions between o d and 
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B e were nearly straight ; and, as the carve is sharpest 
where the load is greatest, it is plain that the greatest 
stress in the beam will be felt at a. 

124. Let as firmly tie down the ends, e and d^ apon 
the sapports, b and o, ase the same load, and we shall find 
the beam bending at a, in Fig. 27, less than it did with 
the ends loose, becaase so mach of the load is required 




Fig. 27. 

to prodace the bends at / and ^, that the middle, thoagh 
bearing directly the whole load, is relieved from a corre- 
sponding amoant of the bending stress ; the action of the 
contrary bends, a, /, and ^, being to distribate the strain 
more aniformly along the whole length, so that if the 
stress at a. Fig. 26, be eqaal to 1, the stress at a. Fig. 27, 
will be eqaal to \ only, the other half being taken up by 
the coanterbends, / and g ; conseqaently the beam, as in 
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Fig. 27, is twice as strong as it is in Fig. 26, or may be 
made with its sectional area one-balf less than that re- 
quired for Fig. 26 ; but we here leave out of account the 
weight of the beam itself, which acts as a distributed 
load, and assume that the load is easy. 

125. If we now let the beam project from the face of a 
wall, BO (Fig. 28), and let the same weight bear upon 
the free end, a, at 10 feet from the wall, so that the pro- 
jection will be equal to the span in the former cases, we 




Fig. 28. 

find that the stress at b c will equal 4, so that the pro- 
jecting beam would require to have a sectional area four 
times as great as Fig. 26, and eight times as great as 
Fig. 27, to be of equal strength. 

126. The moment of the load in Fig. 28 is got by 
multiplying the whole span by the whole load, thus — 
10 X 80 = 800. This treatment is the same as when 
finding the moment for Fig. 23 ; and, as we in Fig. 28 
have twice the load and twice the distance, the moment 
is 2 X 2 = 4 times as much as found for Fig. 28, thus — 
76 X 4 = 300. 

127. At the points, / and ^, where the counterbends 
meet, the crushing and the stretching forces, as it were, 
exchange places in the manner shown in Fig. 27, where 
the dark spaces represent the crushing force, and the 
light spaces the stretching, so that the line of exchange 
represented by r i and r s passes through particles which 
are in a neutral condition as respects stretching and 
crushing, but which are exposed to a shearing foroe 
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caused by the force exerted by the coonterbends to 
straighten themselves in opposite directions. 

On this acconnt, in the case of wroaght-iron beams, 
formed of thin plates and angle iron, buckling of the ver- 
tical plates or mid-web is apt to take place at the points, 
/, g, and a, when the beam is tied down at the ends, and 
at A only when the ends are free. 

The top flange shortens by compression, while the 
bottom flange lengthens by tension ; the mid-web or ver- 
tical plates connecting these flanges, being less subjected 
to these forces, is compelled to buckle to accommodate 
itself to these alterations in the flanges, or top and bottom 
horizontal plates. 

The mid-web yields to the shearing force by buckling 
more readily when the ratio of its depth to thickness is 
great ; but we will speak of this more fully shortly. 

128. The ends of the beam in Fig. 27 are assumed to 
be so flrmly tied down at the supports, b and o, as to be 
immovable, so that the increased length of the beam, 
measured on the curve it makes when loaded, must be 
derived from the stretching of its fibres or parts. Were 
the beam actually hinged in the middle of its depth to 
the fixed supports at b and c, and the load placed in the 
middle, as before, the greater length required to allow the 
beam to make the curve would be derived from stretching, 
as we can show by Fig. 29, in which the curve is drawn 
from the centre, d ; but let us first observe that in this 
case the lines, d e and f g, which form the squared ends, 
are supposed to turn freely on the hinges, so as always 
to point to D, the centre of the curve. 

129. A load on the middle of the beam would not 
make the curve a circular arc, but would, as before re- 
marked concerning Fig. 26, make the bend sharpest at a, 
but it will serve our present purpose perfectly well to 
suppose it to be such as might be made from a centre, d. 

We will exaggerate the proportions for better observa- 
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tion, making the straight distance across, between the 
hinges, eqnal to 10 feet, the depth of the beam 2 feet, 
and the radius of the curve from d to the hinge line, bac, 
eqnal 7 feet. 

Now we can, by using a pair of compasses, measure 
the lengths of the curved lines, and ascertain the amount 
of stretching or of crushing to which the fibres or parts 
are subjected, by the extent which the curved lines are 
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longer or shorter than the original length of the beam 
before the load was put on. 

180. We thus find that, when 1 represents the original 
length, the line gie measures 1*27, and the middle or 
hinged line, b a c, 1*12, while the upper line, fkd, 
measures only 0*956; consequently the latter has been 
crushed to a shorter length, and the two former have 
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been stretched to a greater length, than the original dis- 
tance across, and for the neutral line, or in this case 
where the forces are tt&t balanced, simply the line of 
neutral fibre which separates these unequal stretching and 
crushing forces, we have to seek about midway between 
the middle line, b a c, and the upper line, fhd. 

181. Had we placed the hinges a little higher up than 
the middle of the beam, we should have got this neutral 
line in the hnefhdy and if higher up still, should have 
had the whole beam under a stretching force. 

182. The distance of the counterbends,/ and ^, from 
B and 0, in Fig. 27, depends upon the load, but as this 
distance, representing the leverage, decreases as the load 
increases, nearly, the ratio that the resistance to bending 
bears to the load remains constant, nearly. 

The depth of the beam is assumed to be so propor- 
tioned to the span that the bending force of the load will 
be resisted by a balance between the tensile and com- 
pressive powers of the material. 

Were the depth very small and the span great, the 
beam would act under a load less like a beam than like a 
string, and, of course, would have no counterbends at 
/and g. 

188. When the section along the length b c is uniform, 
it is clear that what we may term the "moment" of 
bending, that is, the load by the distance from the 
counterbends, must be proportionate for all parts of the 
beam, whether in the middle or near the ends, and thus, 
that the points b, g, a are resisting equally. Were 
they resisting unequally, that is, did the bend a require 
more force than either of the other two bends b and c, 
that would show that the beam is stiffer in the middle 
than at the quarters b and c, which it can be only by 
being made relatively stronger. 

184. Beams formed as in Figs. 15 and 16 are stiffer in 
the middle than at the quarters, when tested by the 

D 



60 IKON AND HEAT. 

shorter leverage distances of Fig. 27, and therefore are of 
uniform strength only when simply supported at the ends. 
Were the ends firmly fixed as in Fig. 27, the counter- 
bends would be found as much nearer to b and o than 
shown for a simple beam of uniform section, as the 
stiffiiess at the middle exceeds the stiffiiess at the quarters, 
that is, the greater stifihess of the centre would take 
more leverage to reduce the greater stiffness to a balance 
with the lesser stiffness between/ and b, or g and c. 

Our present remarks, therefore, have reference mainly 
to simple beams or girders of uniform section ; and, as 
before remarked, we exclude the effect of the beam's own 
weight uniformly distributed. 

135. The resistance to bending being thus assumed to 
be uniform, the leverage distances, b/ and /a, will be 
proportionate to the stress, due to the bending moments 
at A and b, of the load at a, plus the distributed weight of 
the arms, b/ and/ a. 

136. In estimating the stress in the centre of the 
bends / and g we must regard the part of the beam 
which lies between them as an independent beam, which 
with its load is, as it were, suspended from the points 
/ and g. 

137. We must bear in mind that our forces here relate 
merely to the load multiplied by its distance from 
support, and that, before we can estimate the full effect 
upon the body of the beam, we must deal also with the 
depth and breadth if the form be rectangular, or with the 
lower flange area and the depth, if flanged. And, further, 
that the deflexion due to a load distributed is five- eighths 
of what is due to the same load at the centre, instead of 
only one-half; showing that the bending of the fibres, or 
parts composing the depth, modifies to the extent of one- 
eighth the simple moment of the load, which when dis- 
tributed, acts as in Fig. 25. 

This five-eighths of the deflexion for the load distributed 
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is the same as wonld be got by placing five -eighths of the 
full load at the centre. 

188. We have hitherto been using 80 tons for the 
load, but as that is the breaking stress, and the counter- 
bends at one-fourth of the span correspond with the 
stress from a safe working load, with the elasticity un- 
injured, we will in this case use a perfectly quiet load of 
10 tons only, which gives us a load of 5 tons to be 
supported at each of the points / and g. 5 tons x b/ 
equal 2*5 feet, or one-fourth of the span, give 12^^ tons 
stress at b ; the load acting as in Fig. 22, but the efiect 
modified by the counterbends/ and g. 

189. Now this 12^ tons stress, the moment of half the 
load X one-fourth of the span, is exerted in supporting 
one-half of the middle part f g oi the beam and centre 
load, and must be subtracted from the moment,- as in 
Fig. 22, of the whole load x quarter-span b e, so that as 
the latter moment is 10 tons X b e equal 2' 5 feet = 25, 
we get by the subtraction the reduced quantity 12^ as the 
acting moment in the arm c ^ or b/, of a load of 10 tons 
on a span of 10 feet, with the ends firmly tied down. 

140. The moment can be got simply by multipljdng 
the half-load, 5 tons, by the quarter-span, a/ or a ^, equal 
2*5 feet = 12J, corresponding with 87*5, Fig. 25. 

141. The same load, but with the ends free, as in 
Fig. 22 or 26, would give a moment of 25 tons; one 
half of 10 tons at a, multiplied by b a, equal 5 feet, being 
equal to 25 tons. 

142. When the load is distributed uniformly along the 
span of a beam of uniform section, the counterbends occur 
nearer to the ends, b and c, because the parts b/ and c g 
are then, in addition to the stress transmitted from the 
middle part,/^, bearing directly a portion of the entire 
load. 

In that case, when the load is not sufficient to injure 
the elasticity of the material, the middle length, / g^ is 

D 2 
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about as 0*6 to 1*0 for the whole span ; so thai in a span 
of 10 ieeifg would measure about 6 feet, but as the load 
is increased so will this middle distance lengthen, the 
points / and g approaching nearer to the ends b and o. 

143. The deflexion at the point of breaking of the 
beam of section Fig. 20 was -68 inch. We will now 
explain a method by which this may be estimated, and 
for this purpose must employ the modulus of elasticity, 
which is a power invented by Dr. Young. When ex- 
pressed in feet it gives the height to which a body would 
have to be piled in order that any small addition to its 
top, of its own substance, might compress the rest to an 
extent equal to the bulk of that added quantity. 

144. A column of ordinary cast iron, the cross sectional 
area of which is 1 square inch, and the height 700 feet, 
weighs 1 ton. This weight pressing on a continuation of 
the column below it will shorten the supporting column 

8-A-4th part of the 700 feet, or ~^ = -085 foot. 

Now, as we have 12*8 tons load upon our beam, we 
multiply -085 foot got for 1 ton, by the whole load 12-8 
tons, and get 1*0905 feet as the extent to which a column 
1 inch square, and 12*8 times the 700 feet height, would be 
shortened by compression, or the extent to which the 700 
feet height would be shortened, supposing its sectional 
area to remain 1 square inch, but its weight, say by a top 
load, increased to 12*8 times. 

145. To obtain the full modulus of elasticity, so that 
any addition to the height of the column will compress to 
an extent equal to its own bulk, we must multiply 700 
feet by 8,214 times, which gives 6,750,000 feet heightof 
column, and as the weight of 700 feet is 1 ton, the weight 
of the whole column is 8,214 tons, or 18,400,000 lbs. 
We find in tables furnished by Fairbaim and Hodgkinson, 
from estimates based on experiments on the transverse 
strength of cast-iron bars, that the moduli ranged from 
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22,907,700 to 11,589,388 lbs., showing that the modulus 
of elasticity or stiffiiess is practically dependent on the 
quality of the iron. 

146. We will not use the full modulus, but will employ 
the proportion of it which we have found for 12*8 tons, 
and which gives 1*09 feet as the extent of compression 
for a column 1 inch square. 

We divide this by the number of sectional square 
inches in the area o£Fig. 20, and get 0*185 foot, which we 
now multiply by the whole depth of the beam, and divide 
by the distance between the centres, r and Sy of the tensile 
and compressive resistance, and thus get 0-19 foot as the 
extent of alteration in the length of a beam that is 
bending under the stress, as in Fig. 80, in which the 
length measured along the neutral line ab remains 




unaltered, and in which we represent by the triangular 
forms ecd and efg the manner in which the alteration 
of length increases with the distance from the neutral 
line. The 0'186 foot compression refers to direct com- 
pression without bending, whereas the 0*19 foot is the 
measure of the greater extension of the outer parts, 
owing to the force in a case of bending radiating, so to 
speak, from the point e in the triangular form. 

147. We now divide the number of times this last 
fractional quantity 0*19 is contained in the whole 
number 1*00 by the constant 8, and get the deflexion 
approximately in inches. 
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2^^^ = -085 ft. X 12-8 tons = 1-09 feet. 
8214 

^'^^ = 0-186 foot. 

8-088 sq. in. 

0185 X 10-25 1-388 ^ iq 4^ * 
7-255 7-266 

r^ ^r^ = -7^ = 0*66 inch deflexion. 
0*19 8 

0-68 — 0-66 = 0-02 inch deflexion less than got hy 
experiment. 

148. The rules which we have employed in estimating 
the strength and deflexion of douhle-flanged heams are 
applicable also to sections of the T-form. 



SECTION IV. 



149. The strength of malleable iron flanged beams, 
Figs. 81, 82, and 88, may be found by the same rules 
as used in the case of cast iron beams, but with a different 
constant. 

The constant for cast iron, shaped as in Fig. 20, is 
26 for Hodgkinson's rule, though usually in practice a 
lower figure, 25, is adopted for safety. 

For wrought iron, formed as in Fig. 82, it is 60, unless 
means are used to prevent the mid- web from bending at 
a and b, when 75 may be used. 

The mid- web of the solid rolled-iron section. Fig. 81, 
being stiff enough to prevent this bending, 75 may be used 
for it, and also for the form shown in Fig. 88. 

150. The ratio of tension and compression for 
wrought iron being nearly as 2 to 1, the sectional area of 
A B, the top flanges in Fig. 81, should be nearly twice 
the area of o d, the bottom flanges. 
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In Fig. 82 a lower ratio than this is snfficient, be- 
cause the rivet holes in the lower flanges, o d, under ten- 
sion, lessen the difference, so that about 9 for a b to 6 for 
D gives equal strength. The joints in the top plates 
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butt together, so that the riveting does not appreciably 
weaken. 

161. The flanges in Fig. 83 are better supported than 
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in Fig. 82, and therein lies the advantage of this shape 
over that of the latter figure. 

Fig. 84, for large sizes, has the top and bottom formed 
of a series of rectangular tubes, or cells, as they are 
termed, such as Fig. 88, riveted together, so that the 
cross sectional area of the iron which forms the respec- 
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tive top and bottom series of tabes a b and o d is so 
favourably distributed for stiffness, that is, for keeping all 
the parts square to their work under strain, as to allow 
of the sectional area of the iron composing the top flanges 
A B to be as 12 to 11 for the bottom flanges o d, and of 
the constant being increased to 80. 

This form of beam is known as Fairbaim's. 

152. The rule in general use for estimating the strength 
of these sections, figures 31 to 84, is thus expressed : — 

Area of o d x depth at middle of span x constant 

Length between supports 
= Breaking weight at centre in tons. 

The depth and length must be either both in feet 
or both in inches. If the depth be in inches and the 
length in feet, the constant must be divided by 12, which 
will reduce it to 5*0 in place of 60, for Fig. 32. 

158. The sectional area of the iron composing either 
the upper or the lower series of cells a b and o d, Fig. 
34, affords greater strength than the same area got from 
a single plate stretching across from a to b, or from o to d, 
mainly because of the better preservation of form. The 
single plate would offer equal resistance could it be kept 
from buckling. 

The cellular form is used only for bridges of consider- 
able span, where the cells can be made big enough for 
easy riveting, and also for periodical scraping and re- 
painting inside. 

When the plain plate form is adopted, the sectional 
area of the top, as we before remarked, has to be nearly 
twice the area of the bottom plates, and the plates which 
connect the top and bottom require to be thicker and 
better supported than when the cellular form at top and 
bottom is used, because the top being under compression, 
the plain top plates, when the load say is on the middle, 
are too thin of themselves, and therefore buckle too easily, 
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to do mneh in the way of transmittmg the presenre back- 
ward towards the -piers. The same sectional area of 
material, in honey-combed form as in the cellular system, 
acts to greater advantage in this respect, because of the 
greater thickness or depth a b. Fig. 84. 

154. The top plates or cells when resisting pressure 
have to act in the manner of posts, and we can very 
simply illustrate the difference between the plain plate 
and the cellular systems, by taking say a 4-feet length 
of thin brass tube, 2 inches diameter by aV inch thick, 
the sectional area of which is one-quarter inch, and, press- 
ing it endwise with all our might against the wall, com- 
pare its stiffiiess with a slip of hoop brass, also of one- 
quarter inch sectional area, made up of 2 inches breadth, 
by i inch thickness. 

You will find that the tube resists, but that the thin 
slip when held flat bends with its own weight when we 
raise its point to the wall. 

But, supposing we were to fix one end of each firmly 
to the wall, and, by means of weights hanging over pulleys 
to subject them to a stretching strain, fairly applied, we 
should find them break on nearly equal terms. 

Were the same sectional area put into the shape of the 
open flanges in Fig. 82, and the depth kept at 2 inches, 
we should have greater stiffness than in the circular form, 
as the bulk of the material would then be in the top and 
bottom flanges, at the greatest distance from the neutral 
line, whereas in the circular form, in a case of bending, 
much of the material is near the neutral line. 

155. In the case of the cells of Fig. 84, or of the plates 
of Figs. 32 and 83, there is a right proportion of thick- 
ness of plate to diameter or depth, for getting the greatest 
effect from any given sectional area, and the rules for 
estimating the strength of long and short columns apply 
here. 

156. Mr. Fairbaim found by experiment, on cells set 

D 8 



npoB end, and tested ae ebort piUars, the ratio of diameter 
to height of pillar not allowing the pillar to hend under 
the load which caneed the side plates to buokle, as in 
Fig. 85, that "the nltimate reeistance for wrought iron 
of a single square cell to crashing by the buckling or the 
bending of its sides, when the thickness of the plates ia 
not less than <me-thirtieth of the diameter of the cell, ia 
27,000 lbs. per square inch sectional area of iron ; but 
when a number of cells exist side by side," as in a b and 
c D, Fig. S4, " their stiffness is increased, and their ulti- 




mate resistance to a thrust may be taken at 88,000 to 
36,000 lbs. per square inch section area of iron." 

1S7. He found also " that the strength of the square 
and rectangular tubes decreases as the size of the cells ia 
increased ;" that the rectangular form. Fig. 86, is the 
weakest when the side a 2> is wider than the side a c ; the 
addition of a mid-web e, Fig. 87, nearly doubling the 
strength. 

168. Ho found at same time that for pillars standing 
erect to their work the circular form is the best, for this 
reason, that in the circular form the material is symme- 
trically arranged round the centre of gravity, which is in 
the centre of the pillar, whereas, in the square form, the 
material in the comers being most distant, suffer more 
stress than the material in the middle of the sides, so that 
the comers would be the first to chip off. 
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159. Taking the nltimate breaking load for cast iron at 
80,000 lbs. per square inch, Professor Gordon has shown 
that when tiie diameter or thickness of a pillar is ^-1^ of 
the length, cast iron and wrought iron are found to te of 
equal strength, their ultimate strength, or their breaking 
load being at that ratio 29,230 lbs. per square inch of 
sectional area, but the de- 
crease in strength as the 
length of pillar increases, the 
diameter remaining the same, 
is much quicker in cast iron Fig. 37. 

than in wrought iron ; thus, when the diameter or thick- 
ness is Yiy of the length, the breaking load per square 
inch for cast iron is 64,000 lbs., and for wrought iron 
34,840 lbs ; but when the ratio is ^V, cast iron breaks 
with 16,000 lbs., and wrought iron with 23,480 lbs., 
showing that for long thin pillars wrought iron is best 
adapted, but that for short thick pillars cast iron offers 
the greatest resistance per square inch ; and this directly 
applies to the case of girders, in which, if the whole 
depth of the beam requires in respect to thickness to 
exceed the ratio of ji^j, the mid- web or side plates, 
which act in the manner of long thin pillars, connecting 
the top and bottom, are stronger per square inch of sec- 
tion when of wrought iron. 

160. Beams have been made with the top flanges of 

cast iron and the bottom flanges of wrought, but the two 
do not work well when thus used together. 

Cast iron being hard and rigid, squeezes together in a 
much less degree than wrought-iron stretches, so that, 
after suffering stress beyond the limit of elasticity, it is 
found either that the wrought iron has got a set while the 
cast iron is yet uninjured, and free to recover its original 
straightness but for this set in the wrought iron, or else 
that the cast iron is crushed before the wrought iron has 
done all the stretching it is capable of. 
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161. Bankine states that in eomputmg the strength of 
pillars, the diameter or thickness is to be measured from 
r •to « in Figs. 88 to 46, and the lines r s are in the 
direction in which the pillars, or struts, or girder plate 
stiffeners, are most flexible. 

Fig. 46 is corrugated iron set vertically on edge. 

162. Figs. 88 and 48 show angle and T-iron 8ti£feners 
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Fig. 40. 
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applied to girder plates, say for the sides a g and b d of 
Fig. 84 ; so that in computing the stiffiiess of the plates 
so supported, and using the rules for long pillars, the 
distance, r s, may be taken for the diameter or breadth, 
and the height between the top and bottom cells, less 
what is covered by the comer angle-iron — or from ttou 







Fig. 42. 



Fig. 43. 



Fig. 44. 



Fig. 46. 



in Fig. 88 — may be taken for the length ; and the number 
of angle or T-iron stifleners in the sides a c and b d made 
many or few according to their sectional strength. 

168. If we keep the length of pillar and the sectional 
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area the same, but make the pillar solid, instead of hollow 
as in Figs. 44 and 45, we shall get r 8 so much less than 
for the hollow form, that, supposing the diameter is 
6 inches for the hollow form and 8 inches for the solid — 
that is, 2 to 1 — ^the change to the solid form, with reduc- 
tion of diameter, will be equal to increasing the length 
for the hollow form 2^ times — that is, from 10 to 25 feet 




— and this increase of length will make the pillar about 
4'75 times weaker than when only 10 feet long, because, 
according to Hodgkinson, in oast-iron pillars of the same 
thickness the strength is inversely proportional to the 
l'7th powei of the length, nearly'. 

The l-7th power of 25 feet is 238, and of 10 feet is 
50*119, equal to a ratio of 4*75 to 1 ; but this ratio 
must be reduced according to a rule, which we shall soon 
speak of, and which takes into account decrease of strength 
from the early yielding of the material to crushing force. 
In general terms, the strength of hollow columns is 
found to be nearly equal to the difference between that of 
two solid columns, the diameters of which are equal to 
the external and internal diameters of the hollow one. 

164. The rule for the strength of cast-iron pillars is 
thus stated by Hodgkinson : — 

Let P = breaking load ; A = 44*16 tons per square 
inch for ** constant,'* in the case of solid pillars with flat 
ends ; A^ = 44*3 tons per square inch, the constant for 
hollow pillars with flat ends ; d = diameter of solid pillar 
in inches; D = external diameter of hollow pillar in 
inches ; d^ = internal diameter in inches ; and L = length 
in feet. 
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(1) P = A j-^ for solid pillars. 

{2) P = A^ T iT * ^ for hollow pillars, when the 

length in either case is not less than 80 times the 
diameter. 

The sectional area of the solid pillar 8 inches diameter 
is 7 square inches ; and as the sectional area of the hollow 
pillar which is 6 inches external diameter requires to he 
the same, we find that the internal diameter must be 
about 5*22 inches. 

165. The expression d*^ means that the diameter in 
inches has to be raised to the d'6th power, and L ^'^ that 
the length in feet has to be raised to the l'7th power. 

Baising to a fractional power involves more than mere 
decimal multiplication ; thus, d ^^ is found by cubing the 
diameter, then multiplying this cubic quantity by its 5th 
root — that is, by the number which, when multiplied into 
itself 5 times, in the same manner as the diameter was 
cubed, will equal the cube of the diameter. 

166. We may thus express the formula for the 8*6 and 
the 1*7 powers, but they can be much readier found by 
simple logarithms when tables are at hand. 

(3) rf ' X a/^ ' ; or> ^sing figures only, 

3» X Ws' = 27 X a/27 = 27 X 1-98 = 52196 

equals the power of the 3 inches solid diameter. 
Let the length of the pillar be 10 feet, we then have — 

(4) L^-y = L X aVl^ = 10 X a/ 10000000 = 10 x 

5*012 = 50*119 equals the power of the 10 feet length. 

167. The rule for the raising of powers is termed 
** involution.*' 

We require to raise the diameter 3 inches to the 
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8' 6 power. In the first column of the tahles of simple 
logarithms we find the logarithm of the nomher 8 is 
0*4771218. Multiplying this hy 8*6, as in a simple case 
of decimals, we get 1-717686 as the logarithm of the 
power. Looking in the second column we find opposite 
the logarithm 1*71600 — which is a little less than what we 
want — ^the number 52, which is the power of 8 '*® nearly. 
The exact number wanted is 52*196, which can be got by 
more exact treatment, but 52 is near enough for ordinary 
use. 

The 1*7 power is got similarly. 

The logarithm of 10 is 1*00, of 100 is 2*00, of 1,000 is 
8*00, and of 10,000 is 4 ; and so on for higher powers, 
rising by 10 times the preceding number for each whole 
unit of the logarithm. 

When the logarithm exceeds 2*00 we look for the frac- 
tional quantity in the columns beyond the number 100, 
and the number which is opposite that fractional quantity 
is the power sought for. When the logarithm is 3 and a 
fraction we look for the fractional quantity beyond 1,000, 
and so on. The logarithms we here refer to are those 
got by the multiplication of the first logarithm for the 
diameter by the 8*6 power. 

Hodgkinson, in his work on cast-iron beams and pillars, 
gives tables of the powers for ready reference. 

168. The powers for the solid pillar 10 feet long by 
8 inches diameter we have found to be — 

52*196 
(5) Vp^^iiQ = 1*041 to be now multiplied by A^, the 

constant already given for solid pillars with flat ends. 

44*16 X 1*041 = 45*97 tons ultimate or breaking load. 

169. Let us now find what the hollow pillar breaks at. 
We will at once take from the tables the respective frac- 
tional powers for 10 feet length, so that the question 
stands thus— 
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(6) 44-3 X 5Q.119 = 223-637 tons. 

170. Let us now double the length of the hollow pillar 
by making it 20 feet, all else remaining the same, and 
taking the new fractional power for 20 feet. 

rm AAo 632-91 - 380 ^_ ^- . 

(7) 44-3 X — jg^Tgj = 67-69 tons. 

171. When the length is increased to 25 feet, with 
diameter and sectional area as before, we have — 

/Q\ AAO 632-91-380 .^^, 

(8) 44-8 X 288 ~ ^^^' 

172. The ratio of length to diameter in case (5) is 

-r = -Q- = 40 for length to 1 for diameter, and the break- 
a o 

ing load is equal to 14,716 lbs. per square inch, there 

being 7 square inches in the section of this and the other 

pillars. 

The ratio of (6) is ii = "f:^-* ^ . We shall have 

a 6 1 

to reduce this breaking load by a further calculation, which 

we will explain presently. The breaking load, however, 

as we have here got it, is equal to 71,532 lbs. per square 

inch. 

The ratio of (7) is — = -^ = — , and the breaking 
load = 21,660 lbs. per square inch. 

The ratio of (8) is — = — — = -— , and the breaking 

a 6 1 

load = 15,000 lbs. per square inch. 

(5) and (7) are not similar pillars, else, being in the 

same ratio, the breaking load would be equal ; but on this • 

point we have yet to speak. 

173. The formulae we have been now using are for 
pillars whose length is not less than 30 times the diameter, 
so that they break by bending. 
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The cast iron used by Mr. Hodgkinson in his experi- 
ments bore a crashing force per square inch of 49 tons, 
which is considerably more than ordinary cast iron will 
bear ; but, as the strengths per square inch used in the 
equations (1) to (8) are for the same quality, we must 
use this high figure in the questions still before us. 

174. This 49 tons, then, is the ultimate crushing force 
per square inch when the pillar is so short that it cannot 
bend under the load. 

The sectional area of our hollow pillar is 7 square 
inches, so that 7 x 49 = 343 tons are required to crush 
the area when there is no bending. 

Were the length such that the pillar broke under one- 
fourth of this weight, or 85*76 tons, this would show that 
only one-fourth of the cross sectional strength of the pillar 
—that is, one-fourth of the strength to resist pure crush- 
ing — was at work, the bending taking away the power to 
bear the remaining three-fourths ; or we may put it thus — 
that the pillar breaks by bending, and that the one-fourth 
load is expended in bending to the breaking point. 

But, as at one-fourth of the ultimate breaking load the 
limit of elasticity is reached, and the iron begins sensibly 
to crush, and as one-fourth of the ultimate breaking load 
is found to produce this effect, when the ratio of length 
to diameter is about 80 to 1, the modifying rule for 
columns of a ratio lower than that begins its use here. 

175. If three-fourths of the ultimate crushing load be 
required to break the pillar — that is, J x 848 = 257*25 
tons — then three-fourths of the whole sectional area 
f X 7 = 5*25 square inches is resisting crushing, and 
1*75 square inches is resisting the bending force ; that is, 
the pillar which requires this proportion of the ultimate 
breaking load to break it is so stiff, that its tendency 
to bend is only as 1, while its capacity to receive the 
load as a crushing force is 3. But long before this 
three-fourth crushing pressure is reached the elasticity 
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of the iron will be impaired, preparatory to destructive 
crushing. 

176. Hodgkinson found that in cast-iron pillars, whose 
length was less than thirty times the diameter, one-fourth 
of the ultimate crushing load is sufficient to commence 
such change in the cohesion of the particles by crushing, 
that the fcQcrum, so to speak, of the bending force yields 
to the pressure, and the pillar bears comparatively less 
than when the ratio of the length to the diameter is so 
great that the breaking load required is less than this one- 
fourth of the ultimate crushing load. 

177. Let Figs. 47 and 48 represent pillars bending. 




Kg. 47. 



The bending force is on the side a, and the crushing on 
the side I, 

In Fig. 48, the ratio of length to diameter is great, con- 
sequently, as the converging lines ah, ec^ and/d show, 
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the difference between the parallel space lines ee andfd 
in the pillar when straight, and the same when bent — that 
is, measnring on the lines c d and ef — ^is so little, because 
of the smallness of the diameter, that the pillar breaks by 
bending ; whereas, in Fig. 47, the difference is greater on 
acconnt of the largeness of the diameter, and the pillar 
breaks under both a bending and a crashing force. 

178. To meet this comparative decrease of strength for 




Fig. 48 



short pillars, Hodgkinson gives a role, which is only sup- 
plementary to the roles already given for long pillars, and 
is used to complete the calculations for the former. 

P = the actual breaking load for short pillar. 

h = the breaking load found by the rule for long 
columns. 

c = the ultimate crushing load for the area of erooit 
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section when there is no bending. We have ahready 
stated it at 49 tons per square inch. 

b X e 



(9) P = 



* + 8c 



179. Equation (6) finds the strength hy the role for 
long pillars ; but as the ratio of length to diameter is only 
20 to 1, we must take the breaking load got by it, and 
place it for h in equation (9), and the ultimate breaking 
load for the seven square inches area being 848 tons, we 
will place that for c, so that the new question stands 
thus — 

223-537 X 843 



(10) P = 



228-587 + 8 X 848 = 159-7 tons, the true 



breaking load, in place of 228-537 found by (6). 

180. We will now make the length 14 feet, the dia- 
meter being 6 inches as before : this will give a ratio of 
28 to 1, length to diameter. 

(11) 44-8 X ^^^QQ.^/^^ = 125-81 tons, according 
to the rule for long columns ; but 
p ^ 125-81 X 843 



125-81 + 8 X 848 = 118 tons true breaking load. 

4 

181. We will now make the length 15 feet, with the 
ratio 80 to 1, length to diameter. 

(12) 44-8 X ^^\l^^i^^ = 112-21 tons ; but 

p^ 112-21 X 848 



112-21 + 8 X 848 = 104-18 tons true breaking load. 
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182. We will now make the length 17 feet, with a ratio 
of 84 to 1, length to diameter. 

(18) 44-8 X '''•^^-''' = 90-72 tons. 

p ^ 90-72 X 848 



90-72 -h 8 X 848 = 89-4 tons true breaking load ; 
4 

showing that the reducing rule holds good to a ratio of 
rather more than 84 to 1 theoretically, though its use is 
limited to ratios under 80 to 1. 

188. Going back to equations (5) and (6), we find that 
the 6-inch hollow pillar (6), as reduced in (10), is 8-47 
times stronger than the 8-inch solid pillar (5); and that 
increasing the length of hollow pillar from 10 feet, as in 
(10), to 25 feet, as in (8), has made the longer pillar (8) 
8-4 times weaker than (10), and consequently of nearly the 
same strength as the thin solid pillar (5). 

184. The ratio of the pillars (5) and (7), length to dia- 
meter, is alike 40 to 1 ; but they are not similar pillars, 
as the one is solid and the other is hollow. 

Let us assume that the 6-inch diameter (7) is solid, and 
compare it with the 8-inch solid (5). We find that the 
former when solid breaks at 171*6 tons : dividing this by 
45-97 tons for the 8-inch diameter gives us 8*78 times 
the 6-inch diameter is stronger than the 8-inch ; so that, 
though the 6-inch pillar of 20 feet length contains 8 times 
the weight of iron, it bears only 8*78 times the load. 

185. Hodgkinson says, regarding this, that << in similar 
pillars the strength is nearly as the square of the diameter, 
or of any other linear dimensions, and as the area of the 
section is as the square of the diameter, the strength is 
nearly as the square of the transverse section ; *' or, to put 

it in form, the strength is as =-—-=- • 

° L 1*7 

The square of the lesser diameter is 8 x 8 = 9, and ot 
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36 

the greater 6 x 6 = 36, — =4 times, so that 8-78 times 

is less than would be got by the square of the diameter ; 
but as the rules are based on the mean or average results 
of experiments with a series of pillars having a wide range 
of ratio, they are positive only as respects the mean 
ratio of this range. 

186. Allowing for the difference in the respective break- 
ing loads for different cast iron, taken by Gordon and 
Hodgkinson, namely — 80,000 lbs. per square inch by the 
first-named, and 109,800 lbs. per square inch by the last — 
these results, worked out by Hodgkinson's rules, agree 
with Gordon's tabular quantities, some of which we gave 
in connection with the relative strength of cast-iron and 
wrought-iron columns. 

187. Hodgkinson's reducing equation (9) for short 
pillars is arranged so that there is left out from its divisor 

/3c \ 

iJ+ •j-=J + c— Jofcj one-fourth of the ultimate 

breaking load already spoken of as reaching the limit of 
elasticity at the line drawn between long and short columns, 
so that the remaining three-fourths of the ultimate crush- 
ing strength left yet unexpended in the pillar, whose 
length is not more than 80 to 1 of diameter, is alone used 
in finding the comparatively reduced strength of the short 
pillar ; and as the reduced result gives the true breaking 
load of the pillar, the working load should not be more 
than one -fourth of that for a quiet burden. But if there 
be vibration to aggravate the stress from the dead load, 
the load should be much less than one-fourth of the 
breaking weight. 

188. The rules we have hitherto been dealing with 
relate to pillars with their ends square and firmly set, 
or secured solidly by riveting, as in the case of T-iron 
supports to girder plates. 
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When the ends are rounded, as in the case of Fig. 49, 
the pillar breaks with about one-third of the load that 
breaks the square-ended pillar, showing that the rounding 
of the ends has taken away two-thirds of the strength ; 
and the same loss is suffered when the pillar acts as a 
strut, or as a connecting-rod, hinged at both ends, as in 
Fig. 50, because, in either case, the stress acts mainly 
through the centre line. 

Were the eyes, a and 6, of the hinged strut heated and 
shrunk firmly on to the hinge pins, the full strength as 
for riveted or square ends will be got only when the ratio 





Fig. 49. 



Fig. 60. 



of length to diameter is so great, that the breaking load is 
insufficient to crush, and the pillar breaks by bending. 

189. The pillar, as in Fig. 49, or as in Fig. 50, when 
the pins work easily in the eyes, is as free to bend as a 
beam placed horizontally on end supports, with the ends 
free as in Fig. 26 ; whereas the pillars with ends square 
and firmly set, or, as in Fig. 50, with the eyes shrunk on 
to pins, can bend only in the manner shown in Fig. 27, 
which accounts for some of the difference in comparative 
strength in the case of long pillars, when tested against 



72 IBON AND HEAT. 

short ones ; bnt in this question of square ends against 
rounded ends, the difference is mainly owing to the 
reduced area of the ends in contact with the load and 
sole plate, or with the rounded surface of the pins, allow- 
ing crushing to take place sooner. 

190. When one end is square and one rounded, as in 
the case of a piston-rod, the rod breaks with about two- 
thirds of the strength of square-ended pillars ; that is, its 
strength is midway between the square-ended and the 
round- ended pillars. 

191. Hodgkinson's rule fbr pillars with rounded ends 
is — 

The constant here is only 18 tons, which is 8*4 times less 
than the constant for square-ended pillars. 

192. A long pillar that is uniformly equal in diameter, 
with its ends firmly fixed, is equally strong with a pillar 
of the same diameter, and half the length, with the ends 
rounded. 

198. Hodgkinson found that enlarging the diameter in 
the middle part, as is usual in the case of connecting-rods, 
increased the strength not more than ^th or ^th ; but that 
this does not hold good in the case of hollow pillars, 
either with the middle enlarged or with the lower end 
greater in diameter than the upper end, when the sectional 
area is uniform ; that is, when the enlargement of diameter 
is at the expense of the thickness of the shell. 

194. We learn from him further that when a square- 
ended pillar is so badly set that the stress comes upon the 
comers, as in Fig. 51, the strength available will be the 
same as for Fig. 49, with rounded ends. 

195. And also, that pillars of uniform section riveted 
at one end and hinged at the other, or flat at one end 
and rounded at the other, break at J of the length (nearly) 
from the hinged or the rounded end ; therefore he recom- 
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mends that part of the length to be proportionately stronger 
than the rest. Pillara of this description vriU bend in the 
same manner aa beams that have one end firmly fixed and 

the other merely enpported. 

196. Caat-iron under cruBhing force : 

When the lateral dimensioDB, or diameter of the section, 
are great compared with the height, the middle of the 
height becomes fiatteued and increased in diameter so as 





to burst there ; but when the diameter is equal to,- or less 
than, the height, fraoture takes place by wedge-shaped 
pieces breaking off, as in Fig. 52. 

The angle of wedge fracture in cast iron is such that the 
height of the wedge is somewhat less than f of the diameter. 
This is the angle of least resistance for this material. 

197. Wrought iron under crushing stress flattens and 
enlarges in diameter without splintering. 

198. A beam or long column that is bending under a 
burden that is less than the breaking load, rosnmoB nearly 
its original form on tlie load being removed ; the extent 
to which it falls abort of that form is termed the per- 
■manent ■' set," and was found by Hodgklnson to equal 
the l-88tb power of the contraction in length by compres 
sion, and a little higher than that for the extenBion in 
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length by stretching. This is equal to the square of the 
length of contraction or extension nearly ; that«is, to the 
square of the difference between the original straight 
length of the beam and the length measured on the curve 
of deflection. 

199. A beam or long column that has received a per- 
manent set from a given load, may have that load applied 
again and again, without increasing either the load deflec- 
tion or the permanent set, so long as it is re-applied in 
precisely the same manner as at flrst, showing that all 
loads less than that which caused the set are acting 
within a limit of elasticity. 

200. In some experiments made by Hodgkinson with 
cast-iron beams of T sectional form, with very wide 
flanges, but short middle rib, tested with the broad flanges 
alternately up and down, the strength for this particular 
section was found to be three times greater when the 
flanges were in tension, than when in compression with 
the narrow end of the middle rib in tension ; but that the 
deflection for a given weight was the same in both, so 
that when the flanges were in tension with their three 
times greater load, the deflection was proportionately 
three times as great ; and the i load that broke the beam 
when the narrow point of the middle rib was in tension, 
gave an equal deflection to that got from the same load 
when the flanges were in tension. 



SECTION V. 

201. Elasticity is believed to be no more than the 
range or play of attractive and repulsive forces in matter. 

When good wrought iron is subjected to a strain of 10 
tons per sectional square inch, it is stretched so as to 
ineraase its length 1- 1000th part. Its natural elasticity is 
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considered to be near its limit at that point, and the 
addition of a little more will produce decided permanent 
set. 

If the same bar be heated to from 1 50^ to 200*^ above 
its ordinary temperature, it will, by heat -expansion, 
similarly elongate by 1- 1000th of its length without 
sensible injury. 

202. Walls that are bulging out are sometimes brought 
to the plumb again by means of rods heated in the mid- 
dle, screw-nuts being used at the ends which project 
through the walls, to take up the elongation produced by 
the heat, so that when the heating lamps are removed, 
and the rods allowed to contract by cooling, the ends can 
follow the contraction only by bringing the walls in with 
them ; a double set of rods being used for this purpose, 
each set heated alternately. 

208. As heat increases, attractive force appears to 
loosen its hold upon the atoms of the iron, while repulsion 
seems to operate with increased effect ; so that when the 
temperature rises sufficiently to soften the iron, as in 
forging heat, the atoms stand free of one another, to an 
extent measurable by the expansion, and thus have room 
to rearrange themselves under any stress that may now be 
applied externally ; as, for instance, from the screwing of 
the nuts upon the ends of the rods ; but, as the tensile 
strength depends upon the energy of the attractive force 
between the atoms, a very small power applied to the 
tightening of the nuts when in this state would be sufficient 
to break the rods, though, on account of the freedom of 
motion among the atoms, the rods would stretch before 
breaking much more than when strained in the cold state. 
Were the screwing stopped short of an actual break in the 
hot state, and the natural contraction by cooling allowed 
to begin, the atoms would continue rearranging^ them- 
selves under the gradually increasing tension, until the 
tension becomes equal to the breaking strength of the 

£ 2 
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rod for the temperature it breaks at. If the tires of 
carriage-wheels be put on too hot, they will bind so 
tightly before contraction has ceased, as to leave too 
little working strength between the tension they finally 
cool at and the breaking tension. 

204. Were the rods allowed to cool from a red heat 
free from any external strain such as was produced by 
this tightening of the nuts, they would contract with their 
elasticity uninjured, that is, with the attractive and repul- 
sive forces in perfect balance among the atoms, and 
therefore in natural condition for perfect strength; and 
any local or part-strains that before heating may have 
been produced in the rods — as for instance, when straight- 
ening accidental bends while cold — will all have been re- 
moved. This has been ascertained by direct experiment ; 
thus, bars bent and re- straightened in a cold state, broke 
under a less load, when not heated red, and allowed to 
cool gradually before testing, than when they had been so 
heated and cooled. 

205. A bar of tough wrought iron bent as in Fig. 53 
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Tig. 63. 

has in the bent state the particles on the inner line a in a 
state of compression, and those on the outer line b in a 
state of tension. If straightened cold, this condition will 
be reversed, the particles a will be forced into a state of 
tension, and those of b into a state of compression, with 
a tendency to rupttire among the particles at a, as may be 
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observed when breaking small rod iron by bending force. 
In the bent state the particles are at rest in a permanent 
set. 

The particles under compression are squeezed together 
BO as to make the thickness of the upper half at a swell 
ont, while those under tension are so drawn as to make 
the thic^ess less at b than originally. 

The particles have to roll or slide upon each other with 
no ol^er hold, so £ur as is known, than their mutual 
attraction. 

On straightening the bar the particles which form the 
bulged part at k, having had their fibrous continuity 
broken by the crushing, possess less strength under ten- 
sion now than the particles b had at the first bending ; so 
that if rupture does not take place at a in the act of re- 
straightening, it will be liable to take place at b on re- 
bending the bar, as b will now be in tension after two 
previous disturbances of the particles that compose it. 

206. In further illustration of the readiness with which 
the atoms of iron rearrange their relative positions in a 
bar under stress, we may instance wire-drawing, in which, 
by small reductions at a time, a rod is reduced in diameter 
by repeated drawing through perforations in hard steel 
plates. 

207. We may readily assume that an equal number of 
atoms is contained in a pound of thin wire as there is in a 
pound of the original rod : so that, if 2 feet length of the 
rod and 6 feet of the wire weigh alike 1 lb., the sectional 
area of the wire will equal only \ of the area of the rod, 
so that the atoms or particles must have rearranged them- 
selves in the reduction. 

If we look at the sand running through the neck of a 
minute-glass, the tube of which is of small diameter, a 
very general but not an incorrect idea may be formed of 
the manner in which the atoms are drawn into their new 
positions. Were the sand which lies next the glass 
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differently coloured from the central quantity, the grains 
passing through would be seen mixed. 

208. The pressure to which wire is subjected in pass- 
ing in a cold state through the draw-plate makes it harder 
and finer in the grain, but, contrary to what might bo 
expected, its weight for bulk is decreased. It expands 
more, however, under heat than iron of coarser and 
looser grain, probably because the particles having boon 
reduced to smaller size the spaces between them are more 
numerous, and it is in these spaces that the source of 
elasticity lies. 

209. It is well known that the act of rolling or wire- 
drawing iron disposes the particles in parallel lines, evi- 
dence of which is had in the appearance of the skin of 
rolled bar-iron or of wire that has been for a time sub- 
jected to the action of sea- water. 

Kirkcaldy's experiments have -shown that if a bar bo 
broken by a sudden blow, the fracture has a crystalline 
appearance; whereas if it be broken by force slowly 
applied, the fibrous texture is made apparent. 

Hodgkinson, on the other hand, dealing with the mate- 
rial in different form and greater bulk, found that in beams 
broken by a blow the position of the neutral line was 
sometimes, but not invariably, made apparent by the 
respectively crystalline and fibrous appearance of the 
upper and lower sides of the fracture. He found the 
position of the neutral line more clearly indicated by those 
appearances in the slow fracture of columns that were too 
long to break otherwise than by bending. In Kirkcaldy's 
experiments, however, the character of the fracture is 
stated to be dependent somewhat on the shape of the 
specimen and its degree of hardness. 

210. In breaking small sections such as Kirkcaldy used, 
the action of a sharp blow passed so quickly through the 
section, that the particles were jerked asunder so as to 
present a granular appearance, no time being allowed for 
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the stress to feel along the fibres to their weakest parts ; 
whereas in larger sections the vibrations from the blow 
would take longer time to pass through, and give more 
time for the fibrous arrangement of the particles to yield 
at the weak points. 

211. It has been asserted that continued vibration, 
when severe enough to encroach upon the ultimate limit 
of elasticity, will sooner or later change the texture of 
iron from the fibrous to the crystalline character, but this 
is still an unsettled question. 

212. A series of experiments made under the direction 
of the Commission on Eailway Structures, show that cast- 
iron bars, vibrating under repeated blows from a sus- 
pended weight, resisted the effects of 4,000 blows, each 
blow bending the bar through one-third of the deflection 
the bar would break at. When the blows were made 
heavier, so as to bend the bar through one-half of the 
breaking deflection, one bar only, out of seven, was able 
to stand 4,000 blows in succession, some breaking with 
less than 180 blows, owing to slight flaws. 

When the blows were made so heavy as to bend through 
two-thirds of the breaking deflection, 178 blows were suffi- 
cient to cause fracture, showing that the incessant sliding 
of the particles backward and forward on each other to 
allow of the bending, quickly destroyed cohesion in the 
case of the heavier blows, so that when fracture took 
place the bars broke under considerably less strain than 
they would have borne with a quiet load. 

213. Wrought-iron bars, on the other hand, appeared 
to be very little aff'ected in strength by 10,000 blows from 
a revolving cam, each blow being in effect equal to half 
the load which, when quietly applied, produced a con- 
siderable permanent set among the particles. 

214. Iron is increased in strength by being rolled cold, 
or wire-drawn, and also by being stretched under moderate 
strain when heated to a dull red. 
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Professor Johnson, of the United States, heated to 500^ 
Fah. a bar of iron having a strength of 60 tons, and then 
by stretehing 6^^ per cent, of its length, raised the strength 
permanently to 72 tons. 

The results of experiment lead to the belief also that 
when an ordinary bar has beeQ broken cold by direct 
tensile strain not long continued, the parts have been 
made stronger by the stretching than the whole length in 
its original or normal state. Against this belief, however, 
there is an opinion that as a bar will alwajrs break at its 
weakest point, at each successive test, the break occurs 
at the point which is now the weakest, but which is 
stronger than the point that last broke. 

215. This much is certain, that the part-bar does not 
break with less load than before broke the whole bar, that 
is, that the ultimate tenacity or breaking strength is never 
found less in the part than was found in the whole. It 
has been saved &om injury during the destructive part of 
the stress due to the breaking load by the part at the 
fracture, more or less abruptly, giving way as the point of 
weakness. Also, it is certain that no weight less than the 
load which produced the permanent elongation or ^' set *' 
in tension can make the set greater. 

216. A bar that is being tested fdr tensile strength 
elongates by the yielding of its whole length ; but short 
bars stretch proportionately more than long bars. 

217. The rule for the elongation per foot or inch of 
the bar's length we find to be, where — 

L = length of bar, 

I = elongation in feet or inches, 

0-1 8 [ ^® constants. 

^ = •18 + ^5 

In a series of experiments made by Lloyd with 
wrought-iron bars, using a tensile strain of 82 tons per 
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square inch, 120 inches length stretched 26 inches, 
r= •216 inch stretch per inch length, Tirhile 10 inches 
length stretched 4*2 inches, = '42 inch stretch per inch 
length. 

218. When the bar has been once broken, and one of 
the parts is being retested, and has got Uie load that 
made the first break hnng quietly to it, a small addition 
to this load is requisite to make a new break, but a blow, 
more or less heavy according to the character of the iron, 
and the nearness of the permanent set from the last 
breaking load to the breaking point now, will have the 
same effect as an addition to the load, the vibration 
putting the already stretched particles in motion for 
rupture. 

219. A bar that breaks by tension thins out at the 
point of fracture. The reduced area of the thinned part 
cannot contain the same number of fibres as the less 
reduced parts that have been only stretched within the 
limit of elasticity. The bar breaks in the thinned part, 
but the ultimate strength to resist tension is gauged by 
the area of the simply stretched part, and not by the 
contracted area at the point of fracture, as the latter 
serves mainly to indicate the comparative toughness. 

In explanation of this, it would appear from actual 
test that the moment the particles begin, as they generally 
do more or less suddenly, to slide on one another at the 
increased rate observable in the diminishing of the 
diameter at the place of fracture, the elasticity of the bar has 
been overcome, that is, the hanging load, plus the natural 
repulsive force among the particles, have together carried 
the cohesive force to the limit of its holding power, on 
passing which the particles, like balls let loose in close 
succession from a state of rest on an inclined plane, start 
off downwards with a quickly increasing velocity, governed 
by the laws relating to falling bodies, until, as illustrated 
in Fig. 54, those that are first let loose having the lead 
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in this increasing speed, soon so ontron those coming on 
behind that the cohesive force loses its hold entirely, and 
the bar breaks. 

But this is merely illustrative, and can operate only 
when the iron is soft and fibrous, and when the force is 
not of the nature of a blow. 

Cast-iron snaps suddenly, with little observable contrac- 
tion at the place of fracture. 

220. The limit of elasticity in coarse, hard, crystalline 
iron lies nearer the limit of ultimate strength than in iron 




Fig. 64. 

of fine soft fibre ; and it would appear that in different 
specimens of iron, possessing about the same ultimate 
breaking strength, the limit of elasticity is found so 
variable that no rule for it can be formed. 

In soft fibrous iron a fraction of the load that would 
break is sufficient to give a decided permanent set ; 
whereas in hard, unyielding cast iron it may take, more 
or less, nearly the whole load. This has to be con- 
sidered when questions of deflection in beams arise. 

221. We do not know the strength of cohesion remain- 
ing in the reduced part at the fracture, that is, in the 
length a b, Fig. 55, as that length is too short for direct 
test to be made. 

Some experiments for transverse strength, however, 
made by Fairbaim, lead to the belief that the particles 
there have get a permanent set, just bordering on 
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rapture. In a place quite free of vibration, he loaded 
long cast-iron bars with nineteen-twentieths of the 
breaking load. Some of them bore this for five years, 
the deflection steadily but minutely increasing during the 
whole time, but greatest during the first fifteen months ; 
and as the deflection of one of the bars came to a rest at 




the end of the second year, while the small and gradually 
lessening rate of increase per year for the others appeared 
to be equal, even though some were loaded with only 
thirteen-twentieths of the breaking weight, there seemed 
reason to believe that the deflection would remain stationary 
on reaching a point as far short of the breaking point as 
the actual load was short of the load required to break. 

On removing the loads so as to let the bars recover 
themselves from the deflection, he found on re-appl3mig 
weights that some of the bars broke with only one- 
twentieth of the original breaking load. Showing that 
the effect of nineteen-twentieths of the breaking load 
when borne for a great length of time was to give the 
particles a permanent set that retained only one-twentieth 
of the original strength. The lighter load produced 
fracture because of the disturbance among the particles, 
caused by the changing of the loads. 

We do not know the precise effect heat would have 
had in rearranging the particles of cast iron so as to 
restore the lost strength, but as the wrought-iron beams 
severely bent in the course of other of Fairbaim*s ex- 
periments were frequently restored to their normal or 
original condition ae regards cohesion, by partial anneal- 
ing previous to further test, and always when so treated 



84 ntON AND HEAT. 

exhibited renewed strength, there might be similar restora- 
tion in the case of cast iron, bnt possibly the heat might 
require to be greater than a bright red, to give expansion 
enough for rearrangement of the particles. 

222. In some of Hodgkinson's experiments on the 
transverse strength of cast iron of different sorts, we find 
that hard white iron deflects as 1 to 1*5 average for hard 
whitish grey, the latter being less hard than the former ; 
and that hard white deflects as 1 to 2*224 for soft grey, 
showing that the deflection is not uniform with the break- 
ing load, but that it decreases as the hardness increases. 

The moduli of elasticity given by Hodgkinson for the 
diflerent sorts of iron vary with the hardness, so that in 
finding the deflection by calculation, when we use the 
modulus properly belonging to the quality of the iron 
under treatment, we have no need to consider the 
difference in bending strength between white and grey 
qualities. 

The modulus we have used in the rule for deflection is 
high. Lower qualities of iron will simply require the 
lower modulus to be substituted for that high one when 
the extent of compression per ton load is required. 



SECTION VI. 



228. Cast iron, wrought iron, and steel, have only two 
essential ingredients, viz., pure iron and carbon. 

Wrought iron may contain 0*26 per cent, of carbon 
without becoming steely ; but when it contains 0*6 per 
cent., it strikes fire with a flint after tempering ; but this 
depends greatly upon the purity of the metal, so that the 
purer, and therefore the softer, the metal, the greater must 
be the proportion of carbon. 
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Steel suitable for cutting instruments eontains from 1*0 
to 1*5 per cent, of carbon. 

Steel containing 1*75 per cent, of carbon cannot be 
welded. 

When iron is combined with 2 per cent, of carbon, it 
cannot be forged under the hammer. 

Iron that has more than 1*9 per cent, of carbon is no 
longer steel, but cast iron. 

224. Carbon exists in cast iron in two conditions, viz., 
chemically combined with the iron — that is, crystallising 
with it as if possessed of a kindred nature — or it may be 
merely mixed up with it in such manner that the carbon 
appears in the intervals between the crystals of the iron. 

225. Cast iron is of three general sorts, viz., white, 
grey, and mottled, with varieties between, some of which 
are bluish, on account of other ingredients than pure iron 
and carbon. 

The strengtii of east iron does not depend so much on 
the whole quantity of carbon contained as on that with 
which it is chemically combined. 

226. Eemelting of the iron in the cupola reduces the 
quantity of mechanically mixed carbon, and increases the 
proportion of combined carbon. 

Fairbaim, in experiments with hot blast pig-iron, found 
that bars from the first melting, of 1 inch square and 4*5 
feet between the supports, broke under a transverse strain 
of 490 lbs., with deflection equal to 1*44 inches, and that 
the strength increased progressively with the remelting, 
until it reached its maximum at the twelfth, when it re- 
quired 692 lbs. to break it, the deflection having increased 
to 1*666 inches. From this point it decreased till at the 
eighteenth it broke with 812 lbs. ; but the deflection was 
now only 0*476 inch. The density, however, continued 
increasing to the last, and the strength to resist compres- 
sion increased with it, but in an irregular manner after 
passing the twelfth remelting. 
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227. The resnlts showed that tenacity increases nni- 
formly with the density up to a given point, affcer which 
increased density is accompanied by diminished tena- 
city ; hut as in some cases great tenacity is found accom- 
panied by comparatively low density, the results of these 
experiments are given only as applying to the description 
of iron used. 

228. By keeping cast iron fusing at high heat for from 
two to three hours, fewer remeltings are required to bring 
it to this condition of maximum strength. In the condition 
of maximum strength, the iron has become denser and 
heavier, and consequently more rigid than before, so that 
it will stretch less under tensile strains and deflect less 
under transverse strains from a given load. 

The softest kinds of iron will endure a greater number 
of remeltings with advantage than the harder kinds. 

229. The grey and mottled sorts only are used for 
ordinary castings, being easily fused, and less brittle than 
the white sort, which is used in the making of wrought 
iron and steel ; but there are several qualities of the white 
sort. 

In some cases the whiteness is produced by suddenly 
cooling molten metal, which, if let cool slowly, would be 
grey : when this is done, the white has the carbon in the 
combined state, that is, it has it hidden within the iron 
crystals. 

White iron of this description is easily fused. The 
white iron used in the making of wrought iron is specially 
made with a minimum per-centage of carbon contained 
in it. 

280. The respective amounts of combined and of free 
carbon in cast iron are found by dissolving the metal by 
means of an acid, the free carbon being always left un- 
affected, while the combined carbon has gone with the 
dissolved metal, the exact amount of the latter being 
ascertained by another process. 
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231. In dissolving white cast iron which has nearly all 
its carbon chemically combined, the carbon, released from 
combination with the metal at the same time as the hydro- 
gen is evolved by the decomposition of the acid, seizes 
upon the hydrogen to ionn. a hydro-carbon, that is, to 
combine and form an oil which is afterwards found float- 
ing on the surface of the solution. 

282. The free carbon, called graphite, which is to 
be seen in a fracture of grey iron, crystallised inde- 
pendently in the intervals between the crystals of iron, 
has its chemical liking or affinity satisfied in its inde- 
pendent crystalline state, and remains unaffected by the 
hydrogen. 



SECTION vn. 

283. We have now to consider the treatment of the 
iron ore in the smelting furnace for the production of the 
different sorts of iron, but must first explain the character 
of the different materials employed. 

234. The only ores of iron employed are the oxides 
and the carbonates, so called because of oxygen and car- 
bon being the principal elements in combination with the 
iron. 

When they contain less than 25 per cent, of iron, they 
cannot be smelted profitably by themselves; but some- 
times poorer clayey ores are used to mix with the harder 
ores to ease the melting and the separation of the earths 
from the iron. 

285. Calcareous ironstone contains lime in combina- 
tion, so that less fluxing material has to be thrown into 
the fomace. Fluxes in iron smelting are substances which 
differ according to the nature of the ore, but which con- 
sist principally of lime, clay, and sand, and are thrown in 
with the fuel and the ore to seize upon and combine 
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chemically with the earthy parts of the ore on their 
reaching heat sufficient to melt them, and thus liberate 
the iron. 

286. Argillaceous ironstone contains clayey elements 
in combination, which fuse more readily when silex or 
pure sand is added in the furnace, or when ore containing 
silica is mixed with it. When the ore contains only 
quartz or sHica, both clay and lime must be added ; but 
as the argillaceous or clayey kinds are much more com- 
mon than the siliceous kinds, a mixture is generally made, 
so that only lime is needed. When there is too little 
lime and much clay and silex combined with the iron, the 
clay and silex keep hold of a portion of the iron, which is 
consequently lost in the slag. 

287. A mixture of ores, so as to give an easily fusing 
proportion of these three earthy matters — yiz,, lime, clay, 
and silica — is better than adding special fluxes to single 
ores which are deficient. 

The most fusible flux, used with charcoal fuel, is ob- 
tained by adding to native clay, which varies but little in 
its composition, two-thirds of its weight of carbonate of 
lime. This forms what is termed a double silicate, in 
which the silica, of the one part, possesses twice as much 
oxygen as do the united alumina and lime of the other 
part in their state of combination. 

Long exposure to furnace heat would waste this oxygen, 
and as it reduced in quantity, so would the compound 
become less and less fusible. 

The temperature at which a double silicate fuses is 
almost always lower than the medium temperature of 
fusion of the various simple silicates which compose it ; 
sometimes it is even below that of the most fusible of 
these simple silicates when alone. A similar difference in 
the fusing temperature is observable in metallic alloys, 
such as a mixture of lead, tin, and bismuth, with a simUar 
hardening when long exposed to heat. 
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288. When coke is used in the famace, there is often 
a considerable quantity of sn^hor which cannot be alto- 
gether prevented from combining with the iron, and which 
requires a change in the composition of the flux. The 
proportion of silica must be reduced, so as, by its reduc- 
tion, to leave the lime more free to enter into combination 
with the sulphur, and so becoming sulphide of calcium 
amongst the slag. Calcium is the metallic element in 
lime which, when combined with a single measure of 
oxygen, is known as quicklime. 

289. 8ilex, known also as silica, or silicic acid, is one of 
the oommoniest substances in nature. It is formed by a 
combination of the simple element silicium with oxygen. 

By itself it constitutes rock crystal, quartz, sand, &c., 
and when in combination with other matters it forms 
granites, slate, common glass, &c. All rocks which are 
not calcareous or of a limy nature are siliceous. 

240. The meaning of the term acid used in connection 
with silex and certain gases, must not be taken in refer- 
ence to taste, but simply as denoting the presence of a 
certain large proportion of oxygen, which, though a 
colourless gas in one of its states, without either taste or 
smell, got this name, signifying, << I produce sourness,'* 
at a time when it was thought all acids contained it, and 
consequently that all things containing it must be more 
or less of an acid nature. 

As a convenient term in chemistry it applies alike to 
rock crystal, to certain liquids, and to one of the gases 
generated by combustion. 

241. Oxygen has been termed the great combining 
substance of nature. Of all substances it is the most 
widely distributed. It forms eight-ninths by weight of 
water, the other one-ninth being hydrogen. 

Almost one-half of our solid rocks are made of it, and 
one-fifth of our atmosphere, the remaining four-fifths of 
the latter being nitrogen. 
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It is everywhere present, and is ready at all times to 
unite with any one of that class of bodies called combus- 
tible, when exposed to it at the necessary temperature. 

242. Aluminium is another very common substance. 
Its oxide, formed by its combination with oxygen, is 
called alumina, and in this oxide state it is often found 
crystallised in nature, and is found nearly pure in the 
precious stones, the ruby and the sapphire, the colour 
being derived from a combination with the oxides of some 
other metals. 

248. Alumina is infusible in ordinary furnace heat. 
When combined with silica and a certain proportion of 
water it forms the clays, so that clay is called a silicate 
of alumina. 

Almost always, however, a small quantity of silicate of 
potassa is combined with it. This latter substance enters 
also into the composition of the majority of the crystalline 
rocks, and also into that of glass. 

244. Calcareous rocks or limestones are composed of 
carbonate of lime, one of the most extensively diffused 
substances on the surface of the globe. 

Iceland spar, so highly prized by opticians for its 
double refracting properties, and also marbles, chalks, &c., 
are composed of it, under different chemical conditions. 

245. Carbonate of lime is composed of an earthy, 
metallic element called calcium, combined with oxygen 
and carbonic acid, carbonic acid being a special compound 
composed of oxygen and carbon. 

Before fusing, it decomposes by parting with its car- 
bonic acid elements, and being left in the intense heat of 
the furnace, in the form of the oxide of calcium, or simple 
quicklime, is in a highly favourable state as a flux, for 
recombination with the other matters it is in contact with. 

246. Lime by itself does not fuse at ihe highest tem- 
perature we have ever been able to produce in furnaces. 

The same may be said of silex and of alumina. 
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The strongest heat known produced hy the oxy-hydrogen 
blow-pipe fuses them with difficulty when taken singly. 

Alumina is, after the diamond, the hardest substance 
in nature. 

247. In the case of siliceous and dense hematite ores, 
of a refractory nature, deoxidation, that is the extraction 
of the oxygen which is chemically combined with the iron 
in the ore state, is apt to take place mainly on the crust 
of the ore block, thus leaving the main work to be done 
when the ore reaches the melting heat, when there is no 
time afforded for carbonizing, as the iron must then either 
run or bum, hence an inferior white iron, containing a 
minimum dose of carbon is produced. This evil is in 
addition to the loss already spoken of, caused by the 
imperfectly fased slag retaining a portion of the iron. 

248. The argillaceous and carbonaceous ores are of 
totally different structures. The operation of roasting in 
a kiln expels the carbonic acid of the latter ore, and leaves 
the roasted ore of a porous structure open to the carbonic- 
oxide gas of the smelting furnace, the united surfaces of 
all the pores giving the gas so much greater breadth to 
work on, that the deoxidation and subsequent carboniza- 
tion of the iron are complete, for the production of grey 
iron. 

249. Iron smelted from carbonaceous ores contains 
more carbon than iron smelted from argillaceous ores. 
On this account, the former are better suited for foundry 
iron, and the latter for conversion into malleable iron and 
steel. 

260. Carbonaceous ores being of a very fusible cha- 
racter require less blast, and as the weaker pressure of a 
reduced blast suffers the gases to linger longer on their 
way up through amongst the descending ore, the iron is 
allowed time to absorb the large per-centage of carbon 
required for grey iron. 

251. If the metal be wanted for conversion into malle- 
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able iron, the blast must be qnickened, so as by quick 
combustion of the fael to bring down the ore at a faster 
rate, and make the velocity of the rising gases too great 
for the deoxidizing and carbonizing operations to be com- 
pleted. This will save waste in the refinery and puddling 
famaces, there being less carbon to expel from the iron. 

A further increase of the blast will produce white iron, 
because the absorption of carbon by iron is rather a slow 
process^ and cannot be hastened by forcing the combustion 
of the fael, but must be allowed time for the regular com- 
bination to take place. Forcing the heat simply hastens 
the melting. 

252. When grey or foundry iron is to be made, an 
extra proportion of fuel is used ; but as grey iron is pro- 
duced by a weaker blast than is used in the case of forge 
white iron, it is considered that this extra proportion of 
fuel acts mainly in allowing the iron longer time to absorb 
the requisite amount of carbon, seeing that the rate of 
combustion is regulated by the blast alone. An accidental 
increase of the blast would raise the temperature at the 
melting place by increasing the rate of combustion, and 
as this would enlarge the fire and carry the heat farther 
up, the iron that had not yet absorbed sufficient carbon 
to make it grey would be melted down, and the colour of 
the metal produced would be whitish. 

The blast may be accidentally increased when the hot 
blast is being used by allowing the fire which heats the 
blast pipes to get low : the air inside of the pipes is less 
expanded, being colder, consequently, so long as the blow- 
ing engine moves at the same rate, a greater weight of air 
passes through the tuyer pipe than when hotter. 

253. The strength and manner of applying the blast 
depends greatly upon ihe nature of the fuel ; thus, pure 
cl^rcoal bums with a clear, bright, porous surface, which 
enables the air to come into intimate and clean contact 
with the carbon, for the quick formation of carbonic acid 
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in the first place, and of carbonic oxide a little higher 
up. 

254. If the fuel be mixed with earthy matters, and 
therefore impure, a crust is apt to form, which prevents 
the air from getting to the carbon, so that the temperature 
is kept low. Only a portion of the air is then decom- 
posed by combustion near the tuyeres, and the rest in 
its upward velocity becomes decomposed, or converted 
into carbonic acid, at a slow rate, so high up in the belly 
of the furnace, that the carbonic oxide which is subse- 
quently formed, has too little of the material above it to 
operate upon with fall effect in the manner we will pre- 
sently explain, so that the iron comes down to the 
melting zone imperfectly deoxidized. 

255. The number of tuyeres to each furnace varies at 
different works. The usual number is three ; but some- 
times as many as twelve are employed. The greater the 
number, the smaller the bore, when the pressure per 
square inch of the opening is the same. 

The nature of the fuel and the width of the hearth have 
to be considered in determining these points. 

The greater weight in each of the three larger jets is 
likely to carry the air farther across the hearth than the 
lighter and smaller jets can force it ; but the more nume- 
rous jets diffuse it better round about. 

The pressure of the blast varies from 2 lbs. to 8^ lbs. 
per square inch, according to the dimensions of the furnace 
and the kind of coal used. 

256. We learn from Truran concerning the working of 
certain cold-blast furnaces at Dowlais, using argillaceous 
ores, that the materials for grey iron were in the furnace 
forty hours before being made liquid. That the rate at 
which the materials sank in their progress to the melting 
point was at the top 28 inches per hour ; at the lower 
part of the belly, where carbonization was taking place 
with fall effect, the rate was reduced to 7 inches per hour« 
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but that it increased to 35 inches per hoar in the last 
stage at the hearth. 

An increase or redaction of the blast, with proportion 
of ore and coal as before, woald make this rate of descent 
correspondingly quicker or slower. 

For white iron nearly the same time was nsed, the 
proportion of ore to fuel being greater than for grey iron. 

When more easily fused ores were used thirty-three 
hours before melting were sufficient. 

257. The air passing through the tuyeres up through 
the mass of ore and fuel required, in the case of Dowlais 
grey iron, seven seconds, and for white iron, four seconds, 
showing that white iron requires a quicker blast ; that is, 
a greater volume of air than does grey iron. 

258. Each ton of grey iron melted required 18 tons of 
air by the blast, which rose through the material in the 
belly of the furnace at the rate of 415 feet per minute, 
and escaped by the chinmey in the form of gas at the rate 
of 1,660 feet per minute. For this quantity of air SJ 
tons of solid matter, consisting of coal, ore, and limestone 
flux were used. 

259. The gaseous and liquid products respectively 
issuing from the furnace top and from the hearth, are 
nearly in the same ratio for white and grey irons. For 
the production of grey foundry iron, the weekly con- 
sumption of solid materials thrown into the furnace was 
747 tons, and of air thrown in by blast, 1,690 tons. 

T=j= = 2*26 tons of air to 1 of solid materials ; but as 

out of the solid material there were got only 130 tons of 

grey iron, "TqTt = 13 tons of air to 1 of iron. 

For the production of white iron of good quality for 

the forge, the weekly consumption of solid material was 

2312 
about 884 tons, and of air 2,312 tons, -ggj = 2-61 tons 
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of air to 1 of solid material; but as out of the solid 

2312 
material there were got 170 tons of white iron, .. -^ = 

18'6 tons of air to 1 of iron. 

260. By urging the blast so as to throw in a greater 
quantity of air more iron can be got in a given time ; but, 
^ the fuel be not correspondingly increased, the time 
allowed is shorter for the deoxidation and carbonization, 
and so the iron will turn out of white quality. If the 
amount of fuel, however, be increased in like measure with 
the air, so as to occupy longer time in consuming, grey 
iron can still be got at the increased rate of production. 
This, however, refers more particularly to the furnaces in 
question, as quality and quantity of iron produced vary 
somewhat in the ratio of the internal capacity of the 
furnace, and the volume of air blown in. Thus if the 
furnace be narrow, the rising gases from a given volume 
of blast must pass upward through amongst the ore with 
greater velocity than when the furnace is wide. The 
narrow furnace would with this given blast be favourable 
for white metal, where the wide furnace would favour the 
making of grey. 

261. Truran, in drawing a comparison between two 
different furnaces, shows that the furnace which con- 
sumed least fuel to the ton of metal produced, having a 
slower blast than the other, occupied nearly twic^ the 
time in forcing the gases up through the ore, thus keeping 
them in longer contact with the ore in the upper parts, 
and retaining the deoxidized iron longer in carbonizing 
contact with the red-hot carbon above the melting zon6. 
The consumption of carbon, to produce 1 ton of crude 
iron, and the different proportion to produce 1 ton of iron 
and slag combined, was nearly the same in both furnaces, 
but the quicker blast, smelting harder ore, even with 
three hours longer time, produced only an inferior white, 
while the slow blast produced a fair ordinary grey. 
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262. One eonseqiieDce of increasiiig the Uast for wliite 
iron is that the iron on reaching ihe sphere of melting heat 
is less fosible than the grey kind at that point, and re- 
quires all the intensity of heat produced by ihe quicker 
blast in front of the tuyeres to melt it ; nay, owing to tiie 
great affinity of pure iron for oxygen and ihe impossibility 
of melting pure iron even irith ihe fiercest heat, ihere is 
mneh danger of its boDiing, in which case ihe heat gene- 
rated by the bnming iron may become intense enough to 
carry the melting heat to a higher level in the belly of the 
famace, and bring down the iron quickly in such crude 
state as to be very poor iron indeed. The affinity be- 
tween oxygen and carbon being greater than between 
oxygen and iron, as is shown in the deoxidizing process, 
iron while being easier fused so as to get quickly away 
' down out of danger, when it contains carbon, is at the 
same time relieved by the action of the carbon during the 
exposure to the oxygen ; the relief however, comes chiefly 
from the quicker escape. 

268. Sometimes the iron has to be burned purposely, to 
melt down half-fased blocks that have got stuck to the 
sides when the furnace has been working cold. This is 
done by increasing the proportion of ore to fael in feeding 
the furnace, so that the blocks remain till these altered 
proportions reach the hearth to take effect there in the 
incre^ed blast. This fierce heat is reduced back to its 
proper degree by returning to the ordinary proportions of 
ore and fuel, with reduced blast. 

264. When hot blast is employed, it is usual to raise it 
to between 600° and 700° Fak., though it is often as high 
as 1,000° ; and in the Cleveland district, where heating 
batteries of brick instead of iron are used, a temperature 
of blast as high as 1,500^ has been attained, and in cer- 
tain instances even higher. 

The heat thrown in with the air is measured by the 
fuel consumed in heating the battery of blast pipes, but as 
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tliat heat is small in amount compared to the heat that 
would be given out by the fuel saved, it still remains to 
be explained clearly how the furnace fuel is so saved. 

265. A reduction of the proportion of fuel to ore in 
eold-blast furnaces increases the quantity of iron produced 
in a given time, but then it is always made white by this 
reduction, and produced in a harder and more crude state, 
whereas, by the hot blast, both grey iron and white are 
produced with the proportionate saving in fuel. 

266. The heat thrown in with the blast enables a less 
total quantity of fuel to give the heat required, and this 
less quantity of fuel being fed with oxygen from a less 
weight of expanded air, the time occupied by the combus- 
tion^ of the reduced fuel — this being ruled by the supply 
of oxygen — ^is nearly the same as when the heavier cold 
blast with the correspondingly larger proportion of fuel is 
used, so that time being given by the latter for the full 
carbonization required for grey iron, it is given also by 
the former. 

267. Before proceeding further, however, we must 
make note of a few of the simple leading principles of 
chemical action, iron smelting being purely a chemical 
process, with heat operating as the agent in all the changes 
effected. We will glean from Eeid and Wilson. 
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268. Before chemical action can take place, the par- 
ticles between which it is exerted must be brought by 
mixture into the nearest possible contact. 

All bodies do not act chemically on each other. 

Compounds can combine with elements and also with 
each other. Often this new combination, though com- 
plex, retains all the ingredients, but in some cases some 
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of the elements are thrown adrift to comhine with others 
in like circumstances. The larger the quantity of any 
ingredient, combined with another, the more easily is a 
portion of it separated. 

The less the quantity of any substance united to another, 
the more readily does an additional quantity enter' into 
combination. 

The larger the quantity of any chemical agent brought 
into play, if not excessive, the more speedily will its 
action be effected ; but there is danger in this of producing, 
by an excess, very different combinations to those wanted. 

In judging of the excess, the surface exposed — so to 
speak — of the substances to be acted upon have to be 
considered. 

Temperature, among other circumstances, has much to 
do with chemical action; thus quicklime, at ordinary 
temperatures, attracts carbonic acid strongly, but when 
heated they do not combine, which is the reason of car- 
bonic acid being allowed to escape from carbonate of 
lime when in the furnace. 

Two ingredients in combination may be separated by a 
third substance attracting one ; this is termed a case of 
simple elective affinity. 

When two compounds decompose each other, two new 
compounds being formed by an exchange of elements, it 
is said to be a case of complex affinity. 

269. In the case of carbonic acid combining with an 
additional measure of carbon, we have the change that 
takes place thus expressed : — 

i-i 1 • -J ( carbon 1 measure f carbon 1 measure 
Carbonic acid \ n . •< i 

{ oxygen 2 measures ( oxygen 1 measure 

Carbon 1 measure j °^y««^ } °'«»«°™ 

( carbon 1 measure 

The combining measure of carbon by election attracts 
one of the two measures of oxygen from the volume of 
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carbonic acid, and separates in the manner shoT^n to form 
two volumes of carbonic oxide, concerning which we will 
speak fully later on. 

From the latter gas the carbon required for the deoxida- 
tion of the iron in the ore state is derived. 

270. The term oxide denotes a less quantity of oxygen 
than an acid possesses. 

271. Two elements in combination will resist the at- 
traction of a third element approaching them, when the 
attraction of the first and second for each other is greater 
than the attraction of the third. 

Or the reverse of this may take place. The combina- 
tion between the first and second may enable them to 
unite themselves to the third, where the third would have 
had no attraction for them separately. As tested by the 
degree of fusibility, this applies to the combination of 
bilex, lime, and alumina in the furnace. 

272. The silicate of lime melts only at a very high 
temperature, and the silicate of alumina only at a much 
higher; and as melting must precede or be simul- 
taneous with combination, it follows that without this 
extreme temperature no combination can take place. 
Whereas, when lime is mixed in the furnace with silex 
and alumina, its affinity for the silicate of alumina is so 
strong as to force the union of the two latter substances 
at a considerably lower temperature than they separately 
require; but this, as before remarked regarding fluxes, 
requires certain definite proportions of the respective sub- 
stances. 

278. Bodies coming into contact with each other at the 
instant they may be separating from a combination which 
is suffering decomposition, are peculiarly prone to com- 
bine with each other, and are then said to be in a 
'* nascent'* state; that is, the forcible disruption taking 
place in the process of decomposition throws the attrac- 
tive forces into a condition of electrical excitement, which 

f2 
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enables new combinations to be effected qnicker than 
when, earlier in the process, these forces were still partly 
satisfied in the combination breaking np. 

274. There are only a very few substances that can be 
combined in any proportion like spirits and water. Many 
combine in any proportion till a certain quantity of one 
ingredient has been absorbed, beyond which no more can 
be taken. 

This appears to be the case with iron and carbon. Iron 
will combine with any quantity of carbon up to about 
6 per cent, of carbon, and cannot be made to take more. 

275. Lime, silex, and alumina combine in various pro- 
portions, but a limit is soon reached with silex or alumina 
in excess, beyond which no fusion can take place at ordi- 
nary furnace temperature, and of course all further com- 
bination is prevented. 

276. Atmospheric air is a mechanical mixture composed 
of 4 parts of nitrogen to 1 of oxygen. When the oxygen 
is taken up by the carbon in the furnace, the nitrogen 
goes free, and passes out at the top mingled with the 
other gases in a simply heated state. 

277. Nitrogen acts a neutral part in the fire, neither 
burning nor supporting combustion, unless there be 
hydrogen from ordinary coal for it to combine with, when 
it bums to a slight extent if there be free oxygen present. 

278. It serves mainly to dilute the other gases, so that 
oxygen, upon which combustion is so dependent, and 
which forms only one -fifth of the whole volume of air, 
can be consumed only in a manner similar to the particles^ 
of gunpowder in Gale's safety-mixture of ground glass 
and powder, the particles of powder in which being kept 
separate by the intervening particles of glass are pre- 
vented from burning otherwise than separately, so that 
the combustion is slow, and without violence. 

279. The same amount of heat is got from lib. of 
0x3 gen that has to be abstracted from the air, as is got 
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from 1 lb. of oxygen free and simple ; the only difference 
being in the greater time required to bring the atmo- 
spheric oxygen into contact with the fuel, owing to the 
great volume of neutral element it is intermixed with. 

Were the oxygen available in a pure state — ^that is, 
free from admixture — ^the heat produced by it would be 
too concentrated for iron-smelting purposes, whereas, 
when mixed with four-times its own volume of a perfectly 
neutral element, such as nitrogen, its power is diffused, 
and its action so delayed that time is given for all the 
different processes, of first heating the ore to the tempe- 
rature necessary for the carbonic oxide to abstract the 
oxygen from the iron in its oxide state, and then for the 
iron so liberated to take up the required amount of carbon 
.from the fuel to make it fusible. 

280. When the metal is wanted with a minimum per- 
centage of carbon contained in it, the blast is quickened, 
so as to bring more oxygen into combustion with the fuel. 
This intensifies the heat, pours upward a greater body of 
higher-heated gases, to warm by contact the descending 
materials, and bring them sooner to the melting tem- 
perature. 

281. In the case of the hot blast, the proportion of 
oxygen to nitrogen is of course the same, but as the heat 
carried in by the blast is often near the temperature at 
which coaL fires, the action is quicker than when, as in 
the case of the cold blast, the fire already existing has 
first to give a portion of its heat to raise the entering air 
to the temperature necessary for combustion, and on this 
account the combustion under a hot blast is more active 
and complete in the neighbourhood of the tuyeres than 
when the cold blast is employed; the final melting is 
delayed till the material nears the tuyeres, where the 
melting heat is as it were concentrated for sharper action, 
and as the heat carried in by the blast enables the smelting 
to be done with less fuel inside, the smaller quantity of 
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fdel is sooner burnt away in the zone of fusion, and, con- 
sequently, the successive layers of ore come down more 
rapidly, and yet the deoxidation of the ore and the suc- 
ceeding .process of the carbonization of the iron have had 
sufficient time for the production of grey iron ; because 
the completeness of the decomposition of the air in the 
neighbourhood of the tuyeres allows carbonic oxide to be 
formed low down, so as to have the longer range and 
greater time in rising from that low level to the topmott 
layers, and thus effecting the deoxidation of the iron at so 
high a level as to leave sufficient depth of red-hot carbon 
between there and the fusion-zone for the slow process 
of carbonization of the iron to be completed even at the 
increased rate of production. 

We shall have occasion to speak further on this point 
when estimating the fuel consumed in heating the blast. 

282. The region of the carbonic acid formation is in 
what is termed the zone of fusion, which reaches no 
higher than the point where the carbonic oxide, with its 
lower temperature, begins to form. 

283. The formation of the carbonic oxide so low down 
saves the fuel from active combustion until it nears the 
tuyeres. The carbonic oxide warms the bodies that it can- 
not combine with as it rises, but at a rate so quickly 
decreasing that by the time it reaches the topmost layer of 
materials its own temperature may have sunk to between 
500^ and 600*^ Fah., which is too low to do much more 
than carry off the moisture from the materials. 

284. Should the materials be wet when charged into 
the furnace, the moisture will aborb so much heat into the 
latent state &om the rising gases that on escaping their 
temperature may be considerably lower than 600®, be- 
cause the specific heat of water being 1*0, while that of 
gas, say air, is only about 0*267, it follows that a given 
weight of water reqmres, to raise it to any given tempera- 
ture, nearly four times the quantity of heat that would 
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raise the same weight of gas to that temperature, hence 
for every Ih. of water that is raised 1° nearly 4 lbs. of gas 
must lose 1®, and as water can pass away only in the 
form of vapour or steam, and as steam at 212° contains 
about 1,146^ of heat above freezing temperature, of which 
966° are' latent, and therefore not sensible to the ther- 
mometer, the gas possessed of lower specific heat must 

lose = 4292** of its heat, when equal weights, viz., 

lib. of each, are taken, before the water can be removed. 
We shall have occasion to speak more fully regarding 
the specific heat, or capacity for heat, of diflFerent sub- 
stances when we are estimating the consumption of car- 
bon in the furnace. 

285. The materials as they sink at slow rate, meet heat 
rising also at slow rate by conduction from body to body, 
which helps to raise the temperature in the upper half 
of the furnace high enough for the chemical processes to 
take effect; but carbon being a slow conductor, the 
process of conduction must depend mainly upon the 
metallic ore, and the heating process must depend mainly 
upon the gases rising from the fire. 

286. The flame that is seen issuing from the mouth of 
many blast furnaces is from the firing of the carbonic 
oxide amongst the fuel on the top on its reaching the 
atmosphere. In the case of small-sized furnaces, the 
gases on reaching the topmost layer of materials will 
escape at a much higher temperature than that which we 
just now mentioned. 

287. Carbonic acid is the first sensible gaseous product 
of the combustion of carbon, and has its formation at- 
tended with a great development of heat. 

On its rising through amongst red-hot carbon, its 
oxygen recombines with carbon in the different measure 
already stated, and becomes carbonic oxide, but in chang- 
ing to this state the sensible temperature becomes sud- 
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denly lowered. We know that the heat is not lost bat 
simply rendered latent, or hidden, as it all reappears on 
the gas being fired. 

We know also that gas hides heat, that is, abstracts it 
£rom the sensible temperature when expanding, as in the 
case of carbonic oxide, to a greater volume against the 
ordinary pressure of the surrounding atmosphere. The 
disappearance of heat, therefore, in the change £rom the 
acid to the oxide state is explainable, but only as regards 
results, as we are yet only feeling our way to a know- 
ledge of what heat really is, and how it acts to cause the 
effects that alone are observable. 

288. In the conversion of carbonic oxide into carbonic 
acid by abstraction of oxygen from the ironstone, the 
latent heat does not reappear in the sensible form which 
attends its combustion with free oxygen in heating stoves 
and under boilers, t>ecause in the latter case it is an in- 
stantaneous combination between two bodies already in 
the gaseous state, whereas in the former case the gaseous 
carbonic oxide has to discharge its latent heat into the 
oxide of iron, to raise the temperature for the liberation 
of the oxygen from its fixed combination with the iron, 
and this requires not only the heat that is latent in the 
gas, but also takes from the sensible temperature, so that 
the condensation of volume that attends the acid form is 
not sufficient to compensate for the loss; and further, 
should the forcing of the furnace bring down the iron to 
the hotter part of the fire before deoxidation by the gas 
has been completed, a still greater absorption of heat 
would take place there when both the carbon and the 
oxygen concerned in the deoxidating process have to be 
liberated from their respective fixed states in the coke 
and the ironstone. 

289. Carbonic acid is believed to take up carbon for 
conversion into carbonic oxide till the heat has fallen 
below 1,000°, but carbonic oxide continues to draw the 
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oxygen from the ironstone till the temperature falls below 
600°, though much depends upon the nature of the fuel 
and the ore : thus anthracite, which is specially rich in 
carbon, is of so refractory a nature that it has been known 
to pass twice through an iron-smelting furnace without 
material reduction of its bulk ; while the denser sorts of 
ores, not carbonaceous, require so high a temperature to 
sofken them, that carbonic oxide parts with both its latent 
and its sensible heat with but limited effect upon them, so 
that deoxidation in their case is mainly effected by direct 
contact with the red-hot fuel low down in the furnace. 

290. At 1,400° Fah. it has been found that carbon 
readily penetrates pure iron so as to carbonize it. Its 
entrance into the body of the iron is effected by means of 
chemical attraction ; and as it must first be reduced to an 
impalpable state, the same as that in which it exists in 
gas, carbonic oxide may be regarded as the carbonizing 
agent, even when the iron is in contact with red-hot 
carbon. 

291. Bars of pure iron are convertible into steel when 
embedded in powdered charcoal, and exposed to a tem- 
perature such as we have just now mentioned. 

292. "When iron is burnt in the furnace with oxygen 
from the blast, it is a loss so far as the smelter is con- 
cerned, but, chemically, were all the gases rising* from the 
flame collected they would be found to contain every atom 
lost from the iron, whole and perfect in itself, but all now 
arranged in groups differently constituted from the original 
combinations, owing to the new conditions of combina- 
tion produced by the introduction of new elements. 

293. Compound matter can be decomposed, that is, can 
have the cohesion existing at ordinary temperatures be- 
tween its different elements altogether overcome by heat 
or by solution, and as regards that change only can the 
term destruction be applied, reconstitution in another form 
being immediately effected, under the changed- conditions |||| 

ip8 ™ 
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of affinity due to the higher temperature in the presence 
of new elements, the elements entering into new partner- 
ship hy either simple or complex affinity, according to the 
numher and the character of the ingredients. 

294. Our ordinary conception of fire is simply that heat 
is got at the expense of fuel, hut when it is chemically 
shown that nothing is annihilated, hut that a receiver at 
the chimney top would, when the soot and ashes were 
added, restore the entire weight of the fuel and the air 
used, and neither more nor less than that, it is hard to 
understand the source of the heat and light, and though 
much has heen said and written on the subject, it has 
never been satisfactorily explained. 

295. Density decreases the capacity for heat, that is, 
as density increases, the capacity for heat or the specific 
heat decreases, and vice versa. 

The atomic weight multiplied by the specific heat found 
for the body is a constant quantity for simple elements, 
that is, the product is the same for all. 

296. Substances are called combustible when they com- 
bine so energetically with oxygen as to become luminous. 

Every substance has a temperature of its own for taking 
fire. Up to this temperature the mutual attraction of the 
atoms in combination is greater than the attraction of 
oxygen ; so that oxygen, being what is termed a supporter 
of combustion, combines at the temperature required by 
the combustible. 

297. From experiments made by Wedgewood, there is 
reason to believe that all bodies susceptible of the requisite 
temperature become red-hot at exactly the same point. 
Wood and most liquids are dissipated before their tem- 
perature can be sufficiently^ raised to be luminous. 

298. Gases do not become luminous even at much 
higher temperature than suffices for solids; but solids, 
when introduced into vessels containing gases highly 
heated, may become luminous, showing that the gas. 
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though not Inminons itself, is capable of heating a solid 
body to the shining temperature, but at great expense to 
its own sensible temperature, owing to the difference 
between the specific heat of gas, and that of a solid. 

299. Charcoal takes fire at 700^ Fah., hydrogen at 
800^, carbonic oxide at 1,000®. 

Oxygen and hydrogen begin to bum in combination at 
800®, but the temperature of the flame is not less than 
6,000°, the effect of the combustion itself being instantly 
to raise the temperature beyond the degree necessary for 
the commencement of the process. 



SECTION IX. 



800. We will now proceed to speak of the action of the 
heat within the furnace, but will first give the combining 
quantities of the two gases which are the principal agents 
in the operations, and also of the ores and fluxes ; that is, 
the proportions by weight in which the elements combine 
chemically, as distinguished from mere mechanical 
mixture; particular explanations will follow in due 
course. 

801. Carbonic acid : — 

COg = 12 + (16 X 2) = 44 combined atomic weight. 

82 
-Jo =s 2*66 oxygen to 1 of carbon 

82 

-jg = 0*78 per cent, oxygen 

0*27 „ „ carbon. 

roo 

802. Carbon oxide : — 

CO = 12 + 16 = 28 combined atomic weight. 

16 

•n = 1*88 oxygen to 1 of carbon 
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-^ = 0*671 per cent, oxygen 

0*429 , „ „ caxbon 
1-000 

803. Peroxide of iron — ^red oxide — ^hematite : — 
F^aOg = (66 X 2) + (16 X 8) = 112 + 48 = 160. 

48 
Ygg- = 0*80 per cent, oxygen 

0-70 „ „ iron 

100 

48 ^ ,^^ . . ^. 

-jjo = 0*429 oxygen to 1 of iron. 

804. The prefix ^^per" signifies in combination Hghest 
or most intense ; thus the peroxide of iron contains the 
maximum proportion of oxygen to iron. 

The prefix ** proto " is used to indicate that, in the case 
of a protoxide, there is only a single measure of oxygen in 
the combining proportions ; and in the case of a proto- 
carbonate, that there is only a single measure of carbon in 
the combining proportion. 

805. Black oxide of iron — magnetic iron ore : — 

Ftf, 0^ = (66 X 8) + (16 X 4) = 168 + 64 = 282. 

64 

OQO = 0-276 per cent, oxygen 

0-724 „ „ iron 

1-000 

64 
•jgg = 0-88 oxygen to 1 of iron. 

806. Protoxide of iron : — 

Fe = 66 + 16 = 72. 

1=2 = 0-222 per cent, oxygen 

0-778 „ „ iron 

1-000 

1 fi 
-yg = 0-286 oxygen to 1 of iron* 



COliPOSinON OF OSES. 109 

807. Protoxide of iron is seldom found in a pnre state, 
the single measure of oxygen not satisfying the affinities 
^f the iron, so that it readily unites itself with the per- 
oxide of iron ; but it is generally found associated with 
carbonic acid, becoming fixed thereby so as to form what 
are termed proto-carbonates in clay or argillaceous iron- 
stones. 

808. Proto-carbonate of iron : — 

F« + C Og or F« C O3, we may take the first form. 

F^ = (56 + 16) 72 + CO2 = (12 + 82)44 = 72 -f 

44 = 116. 

44 

■=^ = 0-611 carbonic acid to 1 of protoxide of iron. 

f'f* 

=T-7r = 0'488 iron to 1 of proto-carbonate of iron, 
llo 

809. Silicic acid, or silica : — 

Si 0„ = 28 + 82 = 60. 

82 

^ = 0*588 per cent, oxygen 

0*467 „ „ silicium 

rooo 

82 

Qo = 1*143 oxygen to 1 of silicium. 

810. Alumina: — 

A Z, O3 = 54 -*- 48 = 102. 

48 

Yqo = 0*470 per cent, oxygen 

0*580 „ „ aluminium 

Toob 

48 

gj = 0*888 oxygen to 1 of aluminium. 

811. Carbonate of lime : — 

Ca COg, or CaO COg, we may take the latter form, as 
it separates the oxide of calcium, or quicklime, from the 
carbonic acid. 
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CaO = 40 + 16 = 56 + COg = 56 + (12 + 82) = 100. 

44 

Yqq = 0*44 per cent, caarbonic acid 

0*56 ,f ,, quicklime 

roo" 

44 

— = 0*786 carbonic acid to 1 of quicklime. 

812. Quicklime: — 

CaO = 40 + 16 = 56. 

gg = 0*285 per cent, oxygen 
0*715 „ „ calcium 

rooo 

16 

-gT. — 0*40 oxygen to 1 of calcium. 



SECTION X. 



818. On the slow passage downwards of the materials 
charged into the furnace, they gradually become heated, 
in which condition the cohesion of the particles becomes 
loosened, so that on the approach of another hot body 
similarly affected by the heat, and whose elements have 
strong natural liking or affinity for one or more of the 
• elements of the other, the attracted elements are free to 
separate from their original connections, and enter into 
new combinations ; thus, the excess of carbon in the car- 
bonic oxide rising from the fire below takes hold of and 
combines with the oxygen of the heated ore, and escapes 
with it at the furnace mouth, and leaves the iron free for 
entering into combination with carbon, which it now 
begins gradually to absorb. The iron, however, is still 
intimately mixed with earthy matters belonging to the 
ore, and does not get free until they together, affcer a very 
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slow passage, reach the melting heat, where the iron 
escapes hy trickling down through amongst the white-hot 
fael into the metal-well in the hearth, where it lies pro- 
tected from the oxygen of the blast by the earthy matters 
which have now taken the form of slag, and lie. floating 
on the top. 

814. As iron is fonnd in the peroxide form in many 
ores, we will adopt that form as the simplest in estimating 
the quantities of the other bodies required to operate in 
the reduction of the ore. 

815. We find that 2 measures by weight of iron in the 
peroxide form have to be liberated &om 8 measures of 
oxygen, and as the latter have to be absorbed by carbonic 
oxide, every measure of which can receive only 1 additional 
measure of oxygen, it follows that 3 measures of carbonic 
oxide are required for every 2 of iron ; so that in estimat- 
ing the weight of carbonic oxide requisite to deoxidize the 
peroxide of iron, we use the formula — 

Peroxide. Car. oxide. 

F^.Oj + SCO = (112 -*. 48) H- (8 X 28) = 160 + 84, 

And as these figures represent proportionately the re- 
spective weights of the combining quantities, it follows 
that we shall get the ratio of carbonic oxide required 
to free the iron when we divide the weight of the 8 
measures of carbonic oxide by the weight of the pure iron ; 

84 
thus, jjo = 0*75 carbonic oxide required to deoxidize or 

to free 1*00 of iron from its combined oxygen. 

And as we have already found that carbonic oxide is 
composed of carbon 0*48 per cent., and oxygen 0*57 per 
cent., we find that 1*00 of pure iron has required for its 
deoxidation 0*822 of carbon combined with 0*427 of oxy- 
gen. But we get this proportion of carbon to iron at once 
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by dividing the weight of carbon by the weight of pure 
iron in the combining proportions ; thas — 

8C 8x12 86 nQoi>i I. * 1 ^• 
-—- = ^ ^^ = -— - = 0-3214 carbon to 1 of iron ; 

2Fe 2x56 112 
80 that 0-82 X 20 cwts. = 6-4 cwts. of carbon per ton of 
iron, and 0*427 X 20 cwts. = 8*64 cwts. of oxygen to 
form carbonic oxide with that carbon ; and, farther, when 
this oxide becomes an acid by the absorption of the second 
measure of oxygen from the ironstone, we have 6*4 cwts. 
carbon + 17*0 cwts. oxygen. 

816. Following deoxidation comes the carbonizing of 
the iron and the melting. 

Should there be 4 per cent, of carbon contained in the 
finished pig-iron, 0*0416 cwt. v^ill be required for every 
1 cwt. of iron = 0'882 cwt. per ton of iron. 

817. The melting heat of iron varies according to the 
amount of carbon contained, but for ordinary cast iron 
2,786° is given as the melting temperature, and about 
4,000° inclusive of the latent heat. 

818. Now the specific heat — that is, the capacity for 
heat — of iron being about 0*12, while that of carbon is 
0*20, water, the standard, being 1*00, it follows that the 
heat that would raise water 1° in temperature would raise 
carbon 5° and iron 8*83° ; or, looking at the question in 
another way, if iron requires 2,786° of sensible heat to 
melt it, carbon with 1,671° and water at 884*32° sensible 
heat contain respectively the same total quantity of heat» 
as would be at once shown were a pound of each, at the 
respective temperatures named, thrown into and cooled 
in a vessel of water — the temperature of the water would 
rise to an equal height in the three cases. The irdn, with 
its more fervent heat, has least heat hidden, whereas the 
water, with its comparatively low sensible heat, has its 
store mostly in the hidden or latent state. 

819. Water composed of 2 of hydrogen to 16 of oxygen 
by weight, is introduced here simply because it is used 
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as a standard in measoring heat — the heat required to 
raise 1 lb. of fluid water 1^ in sensible temperature being 
termed a unit of heat, 

820. The combustion of 1 lb. of carbon into the form 
of carbonic acid gives out heat sufficient to raise the 
temperature of 1 lb. of water 14,000°, assuming that water 
could remain in the state of water at that temperature. 
It comes to the same thing to say 14,000 lbs. of water 
raised 1°, or to say that the combustion of 1 lb. of carbon 
gives out or evolves 14,000 units of heat. 

821. In passing carbonic acid with this heat over red- 
hot carbon, it has, ias we before remarked, to discharge a 
portion into the fixed carbon to bring it into the gaseous 
state previous to combination with it for the formation of 
carbonic oxide ; and, as the total heat developed in the 
formation of carbonic oxide is only about 4,000 units, it 
follows that 10,000 of the 14,000 units have been expended 
in the process, 6,000 of which have entered into the latent 
state in making the carbon gaseous, and the remaining 
4,000 are required to maintain the standard heat in the 
oxide gas, which has expanded to twice the volume that 
the 14,000 units occupied in the acid form ; and, as we 
have already mentioned regarding gases, in this expansion 
to a double volume lies in great measure the reason for 
the absorption of heat into the latent state ; while, con- 
versely, contraction of the volume discharges it into 
sensible form. 

822. If done quickly, as in the rapid combinations 
from which ^q issues, the whole of the effect is deve- 
loped as it were at a blow, hence the intensity of the 
heat. 

We will presently explain, circumstantially, how the 
14,000 units of acid heat are disposed of in the change 
from the acid to the oxide state. 

823. When we compute by bulk or volume, the two 
volumes of oxygen in C Og absorb the single volume of 
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carbon into themselves to form carbonic acid without 
enlarging their own dimensions, though the volume of 
carbon — that is, the atomic combining volume of chemis- 
try — fills the same space as a volume of oxygen, or of 
any other of the bodies that are chemically measured by 
volume. 

The two volumes now forming carbonic acid have in- 
creased their density or weight without adding to their 
bulk, but in the conversion from the acid to the oxide 
state the second volume of carbon, in seizing upon one of 
the two volumes of oxygen, is not absorbed by that 
volume of oxygen, but combines with it to form a double 
volume, and in doing so liberates the first volume of 
carbon from its absorbed state to form, likewise, one of 
two volumes with the second volume of oxygen. Thus, 
each of the two double volumes of carbonic oxide, with 
an atomic weight equal to 28, occupies the same space as 
the two volumes of carbonic acid with an atomic weight 
of 44. 

824. Carbonic oxide is thus the more rarefied, and has 
the higher specific heat 0*288, while carbonic acid, with 
its greater density, has only 0*22 — that is, carbonic acid 
is sooner filled with heat, and sooner allows heat it may 
be receiving or developing to appear as it were on the 
surface in sensible form, in much the same manner as a 
vessel 0*22 cubic foot capacity would be sooner filled, 
and so let the water run over, than another vessel of 
0*288 cubic foot capacity. 

Water, as the standard, would in such a case be repre- 
sented by a third vessel of 1*00 cubic foot capacity, while 
iron would be represented by a fourth vessel, the capacity 
of which would be 0*12 cubic foot. 

But here we must observe, that this illustration of capa- 
city must not be taken literally, when the relative capacities 
of such different matters as gases, and solids, and liquids 
are in question; because, lib. of gas occupies an im- 
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mensely greater space than 1 lb. of either iron or water ; 
the illustration, therefore, has reference merely to equal 
weights, irrespective of bulk. 



SECTION XI. 



825. We will now proceed to explain, circumstantially, 
the action and shifting of the heat when the gases change 
their form, and wiU first treat the pound of carbon by its 
combining volume in each of the two gases. 

Thus, 1 volume of carbon = 1 lb. combines with the 
requisite 2 volumes of oxygen = 2-66 lbs. to form car- 
bonic acid, which is generated with 14,000 units of heat 
in the melting zone ; and, as we before remarked, these 
8 volumes contract into the space of 2 volumes, while the 
addition of a fourth volume — viz., 1 of carbon — causes 
expansion to 2 double-volumes, occupying the space of 
4 volumes, which is equivalent to a double expansion, 
and hence the absorption of heat into the latent state. 

We have then, firstly, for the carbonic acid, 

volumes. yolnines. units, lb. carbon, units heat. 

8 occupying 2 with 14000 -h 1 = 14000; 
and, secondly, for the carbonic oxide, 

TOlmnes. volmnes. nnits. lb. carbon, miits heat. 

4 occupying 4 with 14000 -h 2 = 7000. 
Thus we get 7,000 units of heat for every pound of 
carbon in carbonic oxide, or for every 1*88 lbs. of oxygen, 
whether in the acid or the oxide state ; and as the units 
developed or found active in carbonic oxide have been 
found by actual test in melting ice to be only 4,000 for 
every pound of carbon, it follows, as heat can no more be 
annihilated than can matter, that the expansion has hidden 
8,000 units ; so that 4,000 units x 2 lbs. carbon = 8,000 
units, which being subtracted £rcm 14,000 = 6,000 units 
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latent heat, available for heating the fixed oxygen of the 
ironstone when the condensed carbonic acid form is re- 
samed, on the extraction of that oxygen. 

826. So long as the volumes of the carbon and the 
oxygen of the carbonic oxide, which has to part with this 
latent heat, remain simply united — that is, as regards 
the space necessary for each of these elements, which 
may be considered as so intermixed as to share equally 
the two spaces — the latent heat will remain inside, being 
necessary for the permanent expansion of the gas in its 
oxide state, and heat will pass from the gas in just the 
same simple manner as it would pass from heated air ; 
but as in the chemical change that takes place the carbon 
is absorbed by the two volumes of oxygen, simultaneously 
with the liberation of the second of these two volumes 
from the ironstone, the latent heat is liberated as the 
carbon enters ; so that the three volumes, now occupying 
the space of two, contain the heat, 7,000 units, that was 
before held by the double volume of the oxide, and 
would possess the same temperature, notwithstanding the 
introduction of the third volume, were it not for a con- 
siderable absorption of heat by the fixed oxygen when 
being made gaseous, in excess of what the oxide, in 
the act of conversion to the condensed acid form, is able 
to throw out into sensible form. 

This excess we will presently consider. 

827. We thus get a development of active heat when 
the volume is contracted, as in changing from the oxide 
to the acid state, when we take up oxygen from the ore, 
and an absorption of heat into the latent state when the 
volume is expanded, as in changing from the acid to the 
oxide when we take up carbon from the fuel; but we shall 
show this more clearly when we estimate the actual quan- 
tities required in the furnace operations, for which pur- 
pose we will use the combining weights and specific heats 
of the different materials. 
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828. When we introduce specific heat into the ques- 
tion, we must not expect other than approximate results, 
as the specific heats of gases have proved difficult to 
determine, and there are considerable differences between 
the respective amounts of the different authorities. 

We will use Delaroche and Berard's figures, and will 
test by them the correctness of the results we have already 
arrived at, and will assume that the 14,000 units from 
carbonic acid, and 4,000 from carbonic oxide, per pound 
of carbon are correct. 

829. The specific heat of carbon is 0*20, oxygen 0-236, 
carbonic acid 0-221, carbonic oxide 0-288, when equal 
weights are taken. 

The combining weights for carbonic acid are — 

lib. carbon+1-33 + 1 -331bs oxygen = 1 + 2-66 = 3-661bs. 

acid per pound of carbon inclusive ; 

and for carbonic oxide — 

lib. carbon + 1-88 lbs. oxygen = 2*66 lbs. per pound 

of carbon. 

specific heat. 

Carbon lib. x 0*20 = 0-20 ^ 

Oxygen 2-66 lbs. x 0-286 = 0^ Larbonic acid. 

0-82 j 

•20 

-'M ~ '^^^ ^ 14000 units = 8416 units as the propor- 
tion belonging to 1 lb. of carbon in carbonic acid. 

^ = -756 X 14000 units = 10584 units as the pro- 

portion belonging to 2*66 lbs. of oxygen in carbonic acid, 
equal to 8,979 units per pound of oxygen. 

880. Now, as in carbonic acid the carbon which is con- 
tained within the oxygen is already in a gaseous state, it 
only withdraws its own proportion of heat units from the 
14,000 when it comes out to assume independent form in 
the oxide starte ; and this proportion, as we have just 
found, leaves only 10,584 units for the 2*66 lbs. of oxygen 
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and the second lb. of carbon which has to be raised to a 
gaseous state from its fixed condition in the fuel. 

When this additional carbon is made gaseous it will 
possess the same number of units as the first lb., viz., 
8,416, which, when subtracted from the 10,584, leaves 
only 7,168 units for the two combining weights of oxygen, 
or 8,584 to each. 
10584 — 8416 = 7168 ^ 2 = 8584 + 8416 = 7000. 

881. We thus get the same total result for carbonic 
oxide when reckoning by weight as we got by volume, 
but we must modify the proportions of heat found for the 
separate elements by treating them when combined in 
the gases as possessed of the specific heat belonging to the 
gas, thus, — 

specific heat. 

Carbon 1 lb. x 0*221 = 0*221 
Oxygen 2*66 x 0-221 = 0-587 

0*808 

•221 

:ggQ = -2785 X 14000 = 8829 units for carbon, being 

very nearly the 4,000 units got per lb. of carbon from car- 
bonic oxide in combustion. 

[^ = -726 X 14000 = 10164 units for oxygen. 
•808 

10164 + 3829 = 13993 units for 1 lb. carbon in carbonic 
acid. 

832. It is usual to speak of carbon as being the com- 
bustible and oxygen as being the supporter simply, but it 
is believed that actually both are combustibles, and we 
find that the proportion of heat for a lb. weight of oxygen, 
and of carbon and oxygen combined in carbonic acid, 
when the specific heat of the acid, and not of the elements 
separately, is employed, is, as might be expected, practi- 
cally the same ; thus, — 

■ ^ ^ = 8821 units per lb. of oxygen. 
rf-s^ = ^625 units per lb. of carbonic acid. 
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833. The total heat in carbonic oxide possessed of 
1 lb. of carbon having been found to be 7,000 units, we 
now proceed to use that heat in the extraction of the 
combining measure of oxygen, viz., 1*88 lbs. from the 
ironstone. 

884. Carbonic oxide to acid by taking up oxygen, 

Carbon 1 lb. x -20 = -20"] 

Oxygen 1-88 X '236 = '31 y carbonic oxide 

Oxygen 1'33 x *236 = '81 in the ironstone, 

•90 

^ = -39 X 7000 = 2744 units as the proportion for 

1 lb. of carbon in carbonic oxide. 

.Q1 

— = -608 X 7000 = 4256 units as the proportion for 
•51 

1*38 lbs. of oxygen in carbonic oxide, equal to 8,200 units 
per lb. of oxygen. 

885. To raise the fixed oxygen of the ironstone to the 
gaseous state, with the carbonic oxide temperature, will 
take the same number of units of heat as the operating 
weight of oxygen belonging to the carbonic oxide pos- 
sesses, that is, 4,256 units, but, 4256 + 4256 = 8512 
units, and as the oxide possessed no more than 7,000 units, 
it follows that 8512 — 7000 = 1512 units are required 
more than the carbonic oxide can give, and which can be 
got only from a proportionate addition to the 6*4 cwts. of 
carbon which we have already found to be the combining 
weight in the carbonic oxide, required for chemical com- 
bination vdth the fixed oxygen per ton of iron in the ore 
state ; so that this additional quantity of carbon is simply 
to supply the loss of heat. 

836. The 1,512 units loss per lb. of carbon is shown in 
a more direct manner thus, — 

4256 units for the fixed oxygen 

2744 ,, received from the carbon 

1512 units loss, because by the concentration of heat in 
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the reduction of the bulk from 8 to 2 volumes the heat of 
the carbon acts within the 2 volumes of oxygen, so that 
the volume of oxygen liberated from the ironstone re- 
quires only the difference between what the carbon intro- 
duces when absorbed, and the heat possessed by the first 
or operating volume of oxygen, to maintain the 7,000 unit 
standard found for the operating double volume of car- 
bonic oxide : but more on this point presently. 

837. We have here used the specific heat for carbon 
and oxygen separately, and must modify the respective 
proportions of heat as before, treating the bodies as pos- 
sessed of the specific heat *288 belonging to the carbonio 
oxide which they form together. 

Carbon 1 lb. x '288 = -288 
Oxygen 1-83 x '288 = -888 

mbtT 

'288 

:^^ = -429 X 7000 = 8003 units per lb. of carbon, 

or per lb. of carbonic oxide. 

'4??-= -5708 X 7000 = 8995 units per 1-88 lbs. of 
•671 

oxygen, which is nearly equal to the 4,000 units for car- 
bonic oxide in combustion, and possessed of 1 lb. of 
carbon. 



8995 



= 3000 units per lb. of oxygen. 



1-38 

8995 + 3003 = 6998 units, which is practically equal 
to the 7,000 units found when estimating by the volume. 

888. We get the units per lb. of gas directly when we 
divide the total heat in the gas by the number of lbs. 

weight thus, -grgg = 8004 imits per lb. 

The slight differences are occasioned by the decimals 
in the weight of oxygen being cut short. 
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839. To mak« snre thai; ihie lo^s of heat taking plaee 
in the removal of the oxygen from the iron he actqaUy ^p 
we have found it when using the Ih. weights and specific 
heats of the simple elements, we will seek it hy another 
mode. 

840. The specific heat '286 of free oxygen is higher 
than the -22 of the carhonie acid, of which it forms apart, 
but, on the other hand, the *20 of the carbon is so much 
below *22 that 1 lb. of it requires in addition to its own 
fully one-half of the capacity that the 2*66 lbs. of oxygen 
have to spare. 

The oxygen absorbs the carbon, and thereby becomes 
denser with a correspondingly reduced capacity for heat, 
80 that when by itself haying had capacity for the quan- 
tity '286, it can now contain only *22 as carbonic acid. 

The carbon, however, while increasing the density of 
the oxygen, has its own density increased by the com- 
bination, but in less degree than the other, so that it also 
can contain less beat now than when free, consequently 
the whole that is to spare from the '286 original capacity 
of the oxygen is required in establishing the *22 mean 
capacity. 

841. Specific heat, however, seems to depend upon 
some internal conditions (which are more difficult to 
determine in the gaseous than in the solid state) as well 
as upon the degree of density; thus, if we take equal 
volumes of carbonic acid and carbonic oxide (each con- 
taining 1 lb. of carbon), and an equal volume of oxygen, 
the atomic combined, or combining weights of which are 
respectively, in the order named, 44, 28, and 82, we have 
the specific heats in the same order '221, *288, and *286. 

These atomic weights b^ing merely proportionate quan- 
tities, may be taken to represent ounces or lbs. or cwts., 
or we may say that the weight of carbonic acid is to the 
weight of oarbc^c oxide as 44 is to 28. 

842. We will use the combining lb. weights per lb. of 

G 
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carbon, and multiply them by their respective specific 
heats, thus, — 

Carbonic acid 8-66 X '22 = -806 

Carbonic oxide... 2-88 X •288 = -671 
Oxygen 2-66 x -286 = -627 

848. These weights of gas all fill the same space, so 
that if we represent the lowest of the results by 1 for 
oxygen, we get the relative proportions for equal bulks 
thus, — 

Carbonic acid -— — = 1-28 ratio 

•627 

•671 
Carbonic oxide -rj—- = 1-07 „ 

Oxygen -627 = 100 „ 

844. When we multiply the weights of the elements by 

the specific heat belonging to them separately, we have as 

follows, — 

n v • ^^'A / oxygen 2-66 x •236 = ^627 
Carbomc acid | J^^^ ^,^^ ^ .^^ ^ .^^^ 

•827 

n X. ' 'A ( oxygen 1-83 x -236 = •SIS 
Carbomc oxide { J^^^ ^.^^ ^ .g^ ^ .^^^ 

•618 
Oxygen 2-66 = -286 = ^627 

And, when we represent the oxygen by 1 as before, we 
have the relative proportions thus, — 

Carbonic acid -^j^— = 1-38 ratio 

•627 

Carbonic oxide 'P^- = 0-82 „ 

Oxygen -627 = I'OO „ 

845. No perfectly conclusive explanation of this vari- 
ableness has yet been given ; at least none that can be 
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expressed in simple terms. We have assnmed, merely 
for convenience in description, that the 1 lb. of carbon is 
simply absorbed by the 2*66 lbs. of oxygen to form acid ; 
we thereby escape complexity; but, it is believed that 
the differences we have shown are dependent partly on 
the number of points of contact of carbon vdth carbon, of 
oxygen with oxygen, and of carbon with oxygen. 

Chemical force, which is different in carbon to what it 
is in oxygen, has its action modified according to the 
combinations, and the distance separating the atoms that 
are free for mutual attraction. 

There is another matter that has much to do with 
chemical force, and that is yet unexplained, viz., the 
development, in place of the absorption of heat, in the 
expansion of carbon from the solid to the gaseous state ; 
but those questions of chemical force do not lie directly 
in our simple course; and, as the specific heats have 
been found by actual experiment most carefully con- 
ducted, we accept and use them with the same as- 
surance of approximate exactness as when employing the 
14,000 and 4,000 units of heat in combustion. 

846. We will now ascertain how far the 1,512 units, 
which we have already found lost or deficient in the 
raising of the peroxide oxygen to the gaseous state, is 
covered by the gain in temperature produced by conden- 
sation : and, in estimating, will treat the carbon and the 
oxygen of the carbonic oxide separately, but will em- 
ploy for both the specific heat of the oxide state ; then 
treat the oxygen of the ironstone with its own specific 
heat, and will use as a divisor the specific heat product 
belonging to their ultimate state as carbonic acid, when 
the ironstone oxygen has been received into combination ; 
and will thereby get the number of units or degrees of 
heat that appear in the carbonic acid. 

847. Owing to the difference in specific heat, less heat 
'is required in the acid state to raise to a given tempera- 

G 2 
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tare than is necessary in the oxide state, so that 7,000^ 
apparent heat in case (1), will raise the same weight in 
ease (2) to 8,515**. 

(1) Carbon 1 lb. x -288 = -288 ) ^^^ j^ ^^^ 
Oxygen 1-83 x '288 = -883 / ^^^^^^^ ^^^® 

Oxygen 1-83 x -286 = -313 — in ironstone 

•984 

(2) Carbon 1 lb. x '221 = -2211 

Oxygen 2*66 x '221 = -588 v carbonic acid 

•"sooj 

•'"' = 1-2163 X 7000 = ^'^' ^^ 



•809"" ""'*"'' ^ •""" ""7000 

1515 units apparent gain. 

848. We will find the units in each of the bodies 
separately, using as our divisor the '809 found for the 
carbonic acid state. 

Carbon '^^-| = -856 X 7000 = 2492 units 
•809 

Oxygen |^ = -4785 x 7000 = 8814 „ 

Oxygen '-^ = -887 x 7000 = 2709 „ 
'^^ 8515 „ 

These 8,515 units are, however, for 3 volumes, contracted 
into the space of 2 volumes. The contraction by absorp- 
tion of the carbon leaves the units belonging to the car- 
bon free to be deducted from the total that would be 
required to maintain the 3- volume temperature. 

349. The deduction reduces the requirements for equal 
temperatures in the 2- volume space to 8515 — 2492 = 
6,023 units, which for the 2 volumes with their greater 
density corresponds to 8,515 units for the 3 volumes before 
condensation; but, though the strict requirements of the 
8 volumes when occupying the space of 2 are only 6,023 
units to preserve the same temperature as 8 volumes 
occupying the space of 3, with 8,515 units, it happens 
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that, as the carbon when absorbed earries its proportion 
of the heat in with it, it adds it to the heat of the oxygen 
in the reduced volnme so as simply to make the heat of 
that volume more intense because of the concentration. 

850. We have thus a gain from two sources, firstly, 
from the reduced capacity of carbonic acid for heat ; and 
secondly, in the intensity through concentration ; but, in 
using *809 as the divisor, we have included the first in 
the 8,515 units, and in simply concentrating we only 
narrow the bulk through which the heat has to act ; the 
total amount of heat, 6,515 units, remaining the same as 
was found for the greater bulk, that is, for the three inde- 
pendent volumes. 

851. In dealing with the oxygen and the carbon of the 
compound gases, having employed the specific heat be- 
longing to the compounds which they formed, we get the 
same number of units per pound for each of the ingredients 
in combination ; hence if the introduction from the fuel 
of 1 lb. of carbon into the carbonic acid of the first forma- 
tion causes a loss of 6,000 units in latent heat, owing to 
the expansion, we might reasonably expect that the ab- 
sorption of 1 lb. of oxygen, with contraction which reduced 
the bulk to its original 14,000 units dimensions, would 
cause this 6,000 units latent heat to reappear ; thus, had 
the second measure of oxygen been got from the atmo- 
sphere for combustion, the heat generated would have 
been 14,000 units per pound of carbon, instead of only 
8,515 units, when work in heating and making the enter- 
ing body gaseous has to be done. We therefore subtract 
8,515 from 14,000, and get 5,485 units lost in raising the 
oxygen of the ironstone to the gaseous state previous to 
its combination with the carbonic oxide, and dividing this 
latter amount by the pounds-weight of the additipnal 
measure of oxygen that is thus operated upon, we get the 
number of units loss for each pound of this additional 
oxygen. 
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14000 - 8515 = 5485 
j^Iqq- = 4124 units loss per pound of oxygen made 

gaseous. 

852. The weight of oxygen combined with the iron in 
the peroxide state is 8*5 cwts. for every 20 cwts. of iron. 

8-5 X 112 = 952 lbs. 

952 X 4124 = 8926048 units loss per ton of iron, 

that is, with reference to the 14,000 units per pound of 
carbon that would be developed were the oxygen supplied 
from the atmosphere, instead of from a fixed state in the 
ore. 

858. We now divide this last-found quantity by 14,000, 
and get the weight of carbon in pounds requisite to main- 
tain the heat in the deoxidizing gas. 

8926048 ^^^,, ^, , 
^^QQQ 2801bs. = 2-6cwt. 

6*48 + 2'6 = 8*93 cwts., or, as our quantities are only 
theoretically approximate, say 9 cwts. of carbon. • 

854. We will next endeavour to find the quantity of 
carbon required to melt 20 cwts. of iron, and believe the 
simpler mode will be to find the weight of carbonic acid 
that in the process of combustion will supply the units of 
heat required by the iron : the proportion of carbon in that 
acid will be the carbon wanted. 

855. This assumes that the carbon so found could con- 
tinue giving its heat out at the 14,000 unit-degree to the 
last atom. Practically this could not happen were the 
precise weight of gas alone, as it can never sink below 
the temperature of the body it may be operating upon, 
and iron melts at about 2,788° Fah. ; but it is correct 
enough so to assume, when we estimate afterwards by 
the heat of the gases escaping at the top, the weight of 
carbon that has been consumed along with the strict melt- 
ing quantities to maintain the temperature. 
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856. The specMo heat of iron is '12 approximately. 
It varies with the temperature in common with other sab- 
stances. At 212° it has been found to be '11 and at 
662°, -126. 

The total number of Fah. degrees of heat possessed 
by it at the melting temperature has been estimated at 
4,000° latent and sensible. 4000° x -12 = 480 units of 
heat per pound of iron, 20 cwt. x 112 x 480 = 1075200 
units required for the melting of 20 cwts. of iron. 

857. We may here observe, however, that the melting 
temperature 2,788° Fah., as found by Pouillet, though 
generally accepted, is not considered perfectly certain; 
while the 4,000° latent and sensible must be taken as 
simply approximate, heats so high as these being difficult 
to gauge. 

858. Previously our estimates related mainly to quan- 
tities in chemical combination ; but now we have to deal 
with the simple communication of heat from the operating 
body of carbon in combustion to the surrounding bodies, 
and amongst them we must give to the nitrogen of the air 
its due proportion. 

859. In the case of carbon in combustion, with the 
double measure of oxygen C 0,, forming carbonic acid, 
the capacity for heat of the acid requires to be satisfied 
by abstraction from the 14,000 units ; but, as our esti- 
mates of the consumption of carbon in combustion, will 
assume that the gas concerned in the several distinct 
processes, parts with all its heat to outside bodies, so as 
to require extra carbon to restore sufficient heat to main- 
tain its own temperature on a balance with that of the 
receiving bodies, we regard the gas as emptying itself of 
the first heat, so that the whole 14,000 units are available 
for work. 

860. As the respective temperatures of the giving and 
the receiving bodies vary, so also do the respective quan- 
tities of heat contained internally, as these quantities are 
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simply proportiotial to t&e toiad lieat ; tim^, ai^the specific 
h^t of water is the standard, and is I'eckoned 1*00, while 

that of iron is only '12, it takes tjo" = 8*83 lbs. of iron 

to eontmii intemally ti^ Hqj^ heiett as 1 lb. of water, as 

•12 
we have before observed, or, conversely, 7:Qg= '12, that 

i^9 gk P^ of the heat that shows 1^ temjyerattc^e iA water 

by the thermometer will show 1^ temperature in 1 lb. of 

iton, and similarly with all other substances proportionately 

to their specific heat ; 6o that 1 lb. of carbon in combud- 

tion with 2 combining measures of oxygen, in giving oni 

14,000 units with the carbonic acid thus formed, would 

raise 1 lb. of free carbonic acid bronght into contact witll 

14000 
it, ,^oi = 63848°, with r^erence to water heat, or 

would raise 68,848 lbs. 1°, assuming that the carbon could 
discharge all its heat into the other. 

861. This is owing to the 14,000 being idtandard watet 
unitd, or degrees as indicated by the thermometer, and to 
the capacity for heat of the carbonic acid, which is to re- 
ceive the heat, being Only ^-^-^nd, or a little more than one- 
fifth of the capacity of water ; so that 4.^ , of the heat re-> 
quired for water satisfies the smaller capacity of carbonic 
acid, and as all bodies indicate the same temperature by 
thermometer, when their heat capacity is just filled, it 
follows that 63,348 lbs. of free carbonic acid would indi- 
cate 1° by the Fahreinheit thermometer, with the same 
total heat that would raise 14,000 lbs. of water 1^ 



SECTION xn. 

862. Atmospheric air is composed of '28 oxygen + *77 
nitrogen, so that by the simple rule of proportion, aa 
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•28 : '77 : : 2*66 lbs. oxygen : 8*90 lbs. nitrogen approxi- 
mately. 

868. One pound of carbon in active combustion has its 
14y000 imit standard reduced by the nitrogen of the air 
required to supply the oxygen in the proportions we will 
now show. 

r2-66 „ oxygen x -286 = .q^ \ ^^^^^^^ ^^^ 
^18-1 



1 lb. carbon x -20 = -20 
•66 „ oxygen x -286 = -62 
'90 „ nitrogen x '276 = 2-44 



12-66 8-26 

864. The total weight 8*90 lbs. of the nitrogen indi- 
rectly concerned in the production of 14,000 units of heat 
is here represented by the reduced weight 2*44, which 
means that the capacity for heat of the 8*90 lbs. of nitro- 
gen is just equal to the capacity of 2*44 lbs. of water ; so 
that when we divide the 14,000 water units by 2-44, we 
get the number of degrees that a weight of nitrogen, 
equivalent in capacity for heat to 2*44 lbs. of water, would 
be raised by the complete combustion of 1 lb. of carbon, 
or, what amounts to the same thing, we get the number of 
equivalent weights raised 1°, or water unit ; thus — 

A .^ B= 6787 equivalent weights of nitrogen raised 1°. 

866. Nitrogen is not chemically combined with the 
oxygen when forming atmospheric air, but simply mixed 
with it ; and when tiie oxygen seizes on the carbon, the 
nitrogen is let go free to escape at the famace mouth as a 
simple mixture ; still, with the other gases, it can act, as we 
before observed, merely as a diffuser or diluter of the heat 
generated by the chemical combination of the carbon and 
oxygen, and as such, can receive heat only under the 
same conditions as the iron and slag; and the proportionate 
weight of nitrogen to the weight of carbon being known, 
we use the reduced unit measure 6,787 got for it to find 
the equivalent but yet unknown weight of iron that would 
be melted by the same heat. 

a 8 
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866. Iron, with its lower capacity for heat, will reach 
the same active temperature with a less total quantity of 
heat than is required hy nitrogen when equal weights are 
taken ; and the respective capacities heing '12 and *275» 
we find that 6,787 units in the equivalent weight of nitro- 
gen, with reference to water, will raise nearly 2*6 times 

•275 
the weight of iron to the same temperature : -^o^ = 2'3 ; 

hut '12 for iron is simply a mean struck hetween '110 at 
212° Fah., and -126 at 662° Fah. ; and as we are con- 
sidering the relation hetween the heat of a metal and 
that of a gas, we ought to take the specific heat for the 
metal for the lower temperature, to be in closer corre- 
spondence with that used in finding the specific heat of 
the gas, and we find that when we make the specific heat 

^ ^ rt . i . *. « . . , 2*44 for nit. 

•112, we get a ratio of 2*44 ; and as ci aa r — - — =1'0, 
' ° ' 2-44 for iron ' 

we have 2-44 x 5787 x 1 = 14000°. 

867. We have already found the total number of units 
of heat, 1,075,200, required for the melting of 20 cwts. of 
iron, dividing this by the nitrogen measure, we get — 

^„QT7 = 187 lbs. = 1*66 cwts. of carbon required. 

868. And as we have assumed that the heat has been 
communicated through the medium of the nitrogen, we 
may consider the nitrogen as first receiving, then parting 
with its heat to the iron, and passing off void of heat ; 
but practically the loss to itself is compensated to a suffi- 
cient extent by a share of heat being received from the 
extra carbon that is acting in the furnace merely to 
maintain the general temperature. 

869. The silica of the ironstone we have found to be 
21*5 cwts., and the limestone 9 cwts., together 80-5 cwts. 

We have now to consider the quantity of carbon neces- 
sary for the fusion of this into the form of slag. 

We will assume that it fuses at the same temperature 
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as the iron, viz., 4,000°, latent and sensible, the precise 
heat being yet not clearly ascertained ; bat in acting upon 
this assumption, the results we get are likely to be lower 
than the actual requirements. 

870. Should the lime and silica, &c., not be in the right 
proportions for easy fusion, or not be sufficiently mixed 
together for chemical action to take place, the heat cannot 
find an entrance into the interior of the lumps, so as to 
be absorbed there, and as the carbonic acid of the first, 
or 14,000 unit heat, is rising amongst red-hot carbon, it 
becomes converted into carbonic oxide, and then ceases 
to be directly serviceable for the melting process. 

871. There would be the same total quantity of heat 
in the carbonic oxide state that had been generated in 
the carbonic acid state, but the expansion of volume and 
the consequent absorption of heat into the hidden state 
have produced a thinning effect similar to that of dilution 
or diffusion, in which neither time nor copiousness of the 
^ow of the gas can raise the bodies that are being operated 
on to more than a simple specific heat share of the heat 
thus weakened. 

Were the oxide heat greater than the required melting 
heat, the melting would go on, but at a rate decreased in 
proportion to the reduction in the heat from its higher 
power. 

872. The specific heat of silica is *179, alumina *20, 
and of quicklime -205. We will adopt the latter, and will 
use the nitrogen equivalent as before ; thus — 

•275 , ^, ,^ 2-44 for nit. ^ ^^ 

•205 = 1-^^' «^ *^^* l-84lbra^g = ^'^2' 

and 1-84 x 5787 X 1-82 z= 14000°. 
80-6 cwts. X 112 = 8416 lbs. 
8416 X 4000° X -205 = 2801120 units. 

"~fi 787 ~ ^^^ ^^®' ~ ^^® cwts. of carbon required for 
the fusion of 80*5 cwts. of slag material. 
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873. Beiford proceeding further, we will sum up the 
quantities of carbon found necessary for the several pro-' 
cessed we have named. 



Required to maintain temperature 

in the deoxidizing process ^ ^ w „ 



Per ton of iron. Carbon. 

Combining with the peroxide oxygen 6*48 cwts, 

I 2-50 

Melting the iron 1*66 ,» 

„ the slag 4'88 „ 

14-97 „ 
Carbonizing iron, 4 per cent 0*88 , , 

15*80 „ 

Oxygen removed from the iroh 8*50 „ 

Carbonic acid from the limestone ..* 8*96 ,, 



12*46 



ff 



874. Now these quantities of carbon are approximately 
correct theoretically only, and as they contain no ^ow- 
ance for the varying conditions of the furnace, they have 
no concern at all with either its formation or its size. 

875. Coke is not pure carbon, an ash is left to become 
incorporated with the slag. The ironstone, though cal- 
cined, possesses impurities, and the ore and fuel when 
charged into the furnace are often wet. There is loss of 
heat by radiation from the sides of the furnace, and loss 
by conduction into the ground — ^this latter loss, however, 
is a slow one ; but to meet them all requires an additional 
allowance of fuel, the precise weight of which we will not 
seek to determine directly when the circumstances on 
which the losses are dependent are so various. But when 
we have ascertained the heat escaping in the gases at the 
top, and added the carbon required to produce it to the 
quantities already found, we can arrive at some idea of 
Uie extent of the losses by taking the difference between 
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the ascertaitied total consnniption in practice, and these 
theoretical quantities for the particular parts named of 
the whole process of smelting. 



SECTION xm. 



876. There are chemical reactions among the silicates 
inside the fnmace, which have not yet heen precisely 
determined, hut which affect the proportions of the 
several gases escaping at the top. Thus, oxygen is found 
in variable quantities, in excess of what is introduced by 
the air of the blast, and exclusive of the known quantities 
extracted from the ironstone, and possessed by the car- 
bonic acid of the limestone. 

877. To avoid complexity, we will treat the oxygen of 
the blast, and the 14*97 cwts. of carbon, as uniting to 
form carbonic oxide, because, though in the first instance 
the entering oxygen must combine with what we will 
here term a half-measure of carbon to form carbonic acid, 
it cannot well escape from taking up the second half a 
little higher up, and so becoming carbonic oxide ; and as 
red heat is carried up to a considerable height inside the 
furnace, the oxide that has become acid by combining 
with the peroxide oxygen in the lower levels, may be 
reconverted into oxide, and might in part again react 
in like manner till the temperature falls below red heat, 
about 1,000°. The velocity of the gases in their passage 
upward, however, does not allow time for many such 
changes ; and as carbonic oxide absorbs oxygen from 
iron till the temperature gets as low as 600°, the proba- 
bility is that the greater proportion of the carbonic acid 
formed by the absorption of the ironstone oxygen, escapes 
as carbonic acid at the top. 

878. It must be understood that these possible re- 
actions from carbonic acid to oxide increase the con- 
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snmption of carbon to an nncertain, bnt perhaps not very 
great, extent beyond the quantity we have abready found 
for the deoxidizing process, and also that the oxygen found 
in excess of the quantities derived from the air, and the 
peroxide of iron, and the limestone carbonic acid, will 
take up carbon, as no free or uncombined oxygen is ever 
found in the escaping gases of a furnace that is working 
well. 

879. This extra oxygen is thought to be in part derived 

from the decomposition of silica down in the melting heat, 

the silicium combining with the metal in small quantity, 

sometimes to the extent of 8 to 4 per cent, of the weight 

of iron, and letting the oxygen go free ; and as silica 

contains '688 per cent, oxygen to '467 per cent, silicium, 

the oxygen, by weight, slightly exceeds the weight of 

silicium taken up by the iron. Taking the amount at 

8 per cent, for the oxygen, this would amount to about 

67 lbs. = '6 cwt. per ton of iron. 

2240 lbs. ^^ ,^ „ ^^„ 

— jQ^ = 22-40 X 8 = 67 lbs. = -6 cwt. 

880. To form carbonic oxide, this would require 

^-rrr = '45 cwt. carbon. 
l'»8 

881. As silicium, however, is taken up in variable quan- 
tities, generally less than 8 per cent., we will not add this 
•46 cwt. carbon to the 14*97 cwts., but leave it to be con- 
sidered in the difference between the theoretical and the 
practical consumption of the fuel. 

882. We will now estimate the weight of oxygen required 
for the 14*97 cwts. of carbon to form carbonic oxide, and 
the proportion of nitrogen that accompanies that oxygen 
when entering as common air — ^nitrogen being in the pro- 
portion of '77 to '28 of oxygen. 

14*97 X 1-88 = 19*91 cwts. oxygen, 
19-91 X -77 _ 6665 „ nitrogen, 
•28 86*56 „ common air. 
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883. This weight, added to the weights of carhon, of 
oxygen from the ironstone, and of carbonic acid from the 
limestone, gives — 

Carbon 14-97 

Air 86-56 

Peroxide oxygen 8*50 

Carbonic acid from the limestone 8*96 

118-99, say 114 cwts. 

of gas escaping at the furnace month, which weight we 
now multiply by the temperature and the specific heat to 
get the total number of units of heat, and will use the 
divisor as before to find the weight of carbon. But we 
have first to ascertain how much of the escaping gas is 
in the oxide state, and how much in the acid state, before 
we can determine the specific heat. 

884. The nitrogen being in a free state, and only 
mingled with the other gases, retains its natural specific 
heat -275; though, in using a fixed measure of specific 
heat for all temperatures, we can procure merely approxi- 
mate results, seeing that the specific heat of bodies varies 
with the temperature to an appreciable extent, as we have 
instanced in the case of iron. 

885. There being *44 per cent, carbonic acid in lime- 
stone, and *27 per cent, carbon in carbonic acid, we get 
the respective weights included in the 9 cwts. of lime- 
stone, thus — 

9 cwts. X '44 = 8-96 cwts. carbonic acid, 
8-96 X -27 = 1-07 „ carbon in the acid. 

The carbonic acid must be included in the escaping gases 
when estimating the heat lost, but we must exclude the 
carbon it contains from the quantity in combustion, be- 
cause limestone carbonic acid being already formed, can 
only receive heat like nitrogen. The 14,000 units heat 
in the formation of carbonic acid is attended with con- 
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traction of voltime, which does not take place in the 
simple escape from combination with the lime. 

886. The 8*5 cwts. of peroxide oxygen per 20 cwt. of 
iron requires for its extraction an operating weight of 
carbonic oxide, composed of 8*5 cwts. oxygen and 6*48 
cwts. carbon, making with the former, when the extrac- 
tion is complete, 28*48 cwts. acid. 

8-5 + 8*6 + 6*48 = 28*48 cwt. 
Add from limestone 8*96 „ 

27*89 „ 

887. We assumed that the whole of the oxygen con- 
cerned in the combustion passed into the oxide state, conse- 
quently that the oxide allowance of carbon was required. 
To the 14*97 cwts. carbon required for the deoxidizing pro- 
cess and the melting, we will add the oxide measure of 
oxygen and the 8*5 cwts. of ironstone oxygen and the 8*96 
cwts. of limestone carbonic acid, and from the total 
weight of carbon and oxygen thus got will subtract the 27*89 
cwts. of carbonic acid to get the weight of carbonic oxide. 

888. Gases escaping at the top : — 

Carbon 14*97 cwts. ) _, ^ . 

Oxygen 19*91 „ | Carbonic oxide. 

Oxygen 8*50 „ Peroxide. 

Carbonic acid . 8*96 „ Limestone. 

47^ „ 

Carbonic acid 27*89 „ 

Carbonic oxide 19*95 „ 
The proportionate weights, simply stated, of the gases 
composing the whole weight escaping, inclusive of nitro- 
gen, are — 

Nitrogen 66*65 cwts. = '585 of whole weight. 

Carbonic acid ...27*89 „ = '240 „ „ „ 
Carbonic oxide 19*95 ,, = '175 „ „ „ 

118*99 „ 1*000 whole weight 

1^ . = -585 of the whole weight. 
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889. The relative proportions according to volume are 
as follows. We will take a double volume of each of 
ihe three gases thus, treating them by their atomic weight 
for similar volumes. 

Carbonic acid 12 + 16 + 16 = 44 = 2 volumes. 

Carbonic oxide 12 + 16 = 28 = 2 „ 

Nitrogen 14 x 2 vols. = 28 = 2 „ 

66-65 
Nitrogen -^ = 2-88 

19*95 
Carbonic oxide - qq = O'll 

Carbonic acid . • ^^ = 0*422 

890. To simplify the estimate, let us assume the rela- 
tive proportion '422 found for carbonic acid to be equal 
to 1, and ascertain the amounts for the other two rela- 
tively to this numerical unit. 

Carbonic acid = 1*00 . 

•71 
Carbonic oxide .^^s-= 1*68 

Nitrogen .422 ^ ^*^ 

891. We learn, however, from the experiments made 
by Bunsen and Playfair, Ebelman and others, that the 
gases escape from the top in other relative proportions 
than those we have here named ; but their results are so 
discordant, owing to many different circumstances, that 
no certain law can be deduced from them to guide us to 
ordinary or average proportions. 

The reactions already spoken of from the oxide to the 
acid, and back to the oxide state, are calculated greatly to 
alter the proportions of the respective gases. 

892. The furnaces concerned in the experiments were, 
of course, supphed with fuel to meet all the extra losses 
which we have yet to ascertain by the difference between 
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the theoretical and the practical quantities ; and as the 
proportion of that extra fael was arrived at by discovering 
the wants of actual practice, and is not a precisely con- 
stant quantity, nor one that is as yet clearly amenable to 
arithmetic, but is ruled to some extent by the manner in 
which tJie furnace is found to be doing its work, we might, 
as our purpose is simply to show a method for finding 
quantities, adopt for our incomplete quantities of oxide 
and acid gases the same relative proportion that we find 
in some of Ebelman's results with full working quantities, 
that is, about 1 of carbonic acid to 2*5 of carbonic oxide 
by volume ; but as carbonic acid can change to carbonic 
oxide only by taking up fresh carbon from the live coke, 
which would necessitate a corresponding increase in the 
weight of carbon, we will simply use the proportions we 
have got, and see about the 1 to 2*5 proportion after- 
wards ; here observing that the excess of carbonic oxide 
in Ebelman*s proportions is due to the extra carbon 
which is supplied mainly for the maintenance of heat, 
and which, acting simply in the capacity of fuel, may be 
expected to come up mainly in the oxide state. 

893. We will now multiply the weights of the gases 
by their respective specific heats, add the results together, 
and, dividing by the total weight, get the specific heat 
proper to them when mixed so as to form one volume. 

Nitrogen 66*66 cwts. x -276 = 18*328 

Carbonic acid . 27*89 „ X -221 = 6*053 
Carbonic oxide 19*95 „ x -288 = 4*548 

113-99 „ 28*929 

28*929 ^.. .^ , , 

^..^ = '254 mean specific heat. 

394. We can now find the weight of carbon concerned 
in the heat lost with the escaping gases, the temperature 
of which we will assume to be only 600°, by multiplying 
the total weight of the gas by the mean specific heat and 
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by 600^, and dividing by the nitrogen equivalent as 
before. 

ewta 

114 X 112 X - 254 X 600^ ._.„ q no , i. 
^rfarj =339 lbs. = 8*03 cwts. carbon ; 

or, more directly, 

28-929 X 112 X 600° ^^^., ^ aq «^ 
g=Q= = 839 lbs. = 8-08 cwts. 

895. For the conversion of 8 cwts. of carbon into the 
oxide state, 8-03 x 1'38 = 4*02 cwts. of oxygen are re- 
quisite ; but it will keep our statements in clearer form 
if we do not introduce this extra oxygen, till we estimate 
for the whole of the extra carbon. We, therefore, simply 
add the carbon to the quantities previously found, and 
include the *83 cwt. taken up by the iron. 

896. That the heat escaping with the gases at the top 
can come only from extra fuel will seem clear, when we 
consider that all the quantities of carbon already found 
for the several processes were simply sufficient for those 
processes, the heat absorbed by the materials being no 
more than balanced by the heat afforded by the given 
quantities of carbon, so that this heat, which rises past 
to escape, is simply in excess of the quantity required for 
absorption. 

897. 14-97 + 808 + 0-88 = 18-88 cwts. theoretical 
quantity of carbon, required for the smelting of 20 cwts. 
of iron, from ore of the particular constitution we have 
named, and with the given proportion of limestone. 



SECTION xrv. 



898. We learn, however, that in the Cleveland district, 
where such ores are used, the quantity required in prac- 
tice, with certain large fomaces employing hot blast at 
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1,000^, and with the temperature of the escs^ing gases 
about 600^, is about 26 cwts. of coke per ton of iron, a 
comparatively low consumption due to the better working 
of large than of small furnaces, the greater internal 
capacity containing more material in a greater depth 
above the fire to absorb heat from the gases before 
escaping. 

399. We do not know the proportion of ash in tiie 
coke used, but as 5 per cent, is not an extraordinary pro- 
portion, while it sometimes ranges as high as 20 per cent., 
we will assume the former to get at the true weight of 
carbon contained, as the weights we have found are not 
for coke, but for the pure carbon derivable from it, and 
convertible into gas, which the ash of fuel is not, or it 
would not remain as ash. 

26 cwts. X 5 per cent. ^ « _, 
jqq ■■ — = 1*8 cwts. ash. 

26 — 1*8 = 24*7 cwts. pure carbon. 

24*7 — 18-83 = 6-87 cwts. difference between the 
quantities we have got theoretically and those required in 
practice. 

400. Now the heat from this excess of carbon is ex- 
pended in the several ways we before mentioned, viz.> in 
radiation and conduction, in completing the calcination of 
the ore, fusing the ash, evaporating the water, and in 
covering the failure of effect in the case of unequal mix- 
ture of the materials in the furnace, that is, of refractori- 
ness of the earthy matters in the melting heat. In the 
latter case, where the full effect is missed, we would find, 
could we follow it, the heat thus unexpended increasing 
the temperature of the escaping gases. 

401. 5-87 -f- 8*03 cwts. estimated as escaping with the 
gases = 8*9 cwts. extra carbon. 

402. We will now find the weight of oxygen required to 
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convert thk extra carbon to the oxide state, and also the 
weight of nitrogen in the air containing this oxygen. 

8-9 X 1-83 = 11-837 cwts. oxygen 
11-887 X -77 



•28 



= 89*63 „ nitrogen 



51-467 »» a^ 
11-837 + 8-9 =20-737 „ carbonic oxide. 

408. We now by multiplying these quantities of nitro- 
gen and oxide by their respective specific heats, get the 
equivalents referred to water heating, but must multiply 
by 112 to bring the result to equivalent pound units. 

89-63 X -275 = 10-898 
20-737 X -288 = 697^ 

16-870 X 112 = 1889 

404. The gas we will suppose escapes at the same 
temperature as before, viz., 600® ; we multiply by this, 
then use the nitrogen equivalent as before for the divisor, 
to get the waste by the escaping heat. 

1889 X 600« 



5737 



= 197 lbs. = 1-759 cwts. 



8-9 cwts. — 1-759 cwts. = 7-141 cwts. carbon, the heat 
of which is expended inside the furnace before the escap- 
ing gases reach the top. 

405. We cannot deal, however, with this quantity 
directly, but must first find the heat that is generated 
when the oxygen belonging to it first enters into combus- 
tion to form carbonic acid at the 14,000 unit rate per 
pound of carbon, and, as the quantity of oxygen is the 
same for 2 lbs. of carbon in the oxide form at 4,000 units 
as it is for 1 lb. of carbon in the acid form at 14,000 units, 
and we are now proposing to deal with it in the latter 
form, we must halve the 8-9 cwts. of carbon, there being 
oxygen only for the half to form carbonic acid ; the second 
half being absorbed at a hi^er level in the furnace. 
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406. Keducing this first half to pounds, we multiply by 
14,000 and get the units of water heat in action in the melt- 
ing zone, overcoming difficulties there that the theoretical 
quantities we have previously found have nothing to spare 
for. 

?^= 4-451 X 112 = 498-61 lbs. of carbon, 

498-51 X 14,000 units = 6979140 units total heat 
developed. 

407. We may here check the exactness of the 5,737 
divisor previously found, by reducing the 10*898 cwt. 
equivalent just now found for the extra nitrogen to pound 
measure, and using it thus, — 

10-898 X 112 = 1220-57 

6979140 

12*20-57 ^ ^^^^ equivalents, being 19 less than the 

quantity first found by the smaller weight, a difference 
that is owing to the ratio that we have taken for the 
nitrogen in air being only closely approximate. 

408. Having found for one-half of the carbon, we must 
ascertain what happens when the second half is taken 

up. 

Being an extra allowance for general heating purposes 
only, we have no special work for it to do by which . its 
effect might be measured, and therefore we measure the 
effect upon the gases concerned in the development of the 
heat, and, as the carbonic acid gas that gives out the 
6,979,140 units requires to have its own capacity for heat 
satisfied, we multiply its weight by *221, add the product 
to the product got for the second half of the carbon which 
has to be extracted from the coke, multiplied by *20, and, 
bringing the whole to pound measure, add again to the 
1220-57 found for the nitrogen, to get thereby a divisor 
for the total heat developed in the acid state. 
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Oxygen 11-837 cwts. 

Carbon 4*451 ,, 

Carbonic acid 16-288 X '221 = 8-599 

Carbon 4-451 x '20 = 0-892 

4-491 
4-491 X 112 = 402-99 

1220-57 

1723-56 

6^^ = 4049 divisor. 
1723-56 

409. The specific heat of the gases being lower than 
that of water as the standard for unit measure, and the 
14,000 units by which the 498*61 lbs. of carbon were 
multiplied being water heat units or degrees indicated by 
the Fahrenheit thermometer, the 1723-56 is the weight of 
gas equivalent to the 498*51 lbs. of carbon thus treated, 
80 that, making it a case of simple proportion, 

498*51 : 1723*56 : : 4049 : 14000. 

410. Further, we have already found that there is a 
loss of 6,000 units of active heat per pound of carbon when 
the acid becomes an oxide, and as the gas we are now 
dealing with is assumed to escape in the expanded oxide 
state, this hidden heat must be deducted from the total 
units of the first acid form, the remainder divided by our 
new divisor 4049 will give the weight of carbon, the heat 
of which, though the gas escapes in the oxide form, is 
partly expended upon the materials in the furnace before 
that form is taken. 

498-51 X 6000 = 2991060 units latent. 
6979140 - 2991060 == 8988080 units active. 

. ^Q.Q s= 986 lbs. = 8*80 cwts., which is '10 cwt. 

less than the weight sought for, a near approximation. 

411. We will now sum up the quantities of carbon and 
of gases we have estimated for the smelting of 20 cwts. of 
iron from Cleveland ore. 
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Chemical combination with oxygen of 



. r V 48 cwts. 

ironstone 



Replacing heat lost 2*50 

Melting iron 1*66 

„ earthy matters 4*38 

Heat escaping with the gases 8*03 

>> >» >> »> •• i*75y 

Extra fael to cover waste, &c 4*111 

23*870 

Carbonizing 4 per cent 0*88 



} 



24*700 
412. Gases escaping : — 

Nitrogen 66*65 cwts. ^ 

Carbonic acid 27*89 „ > Theoretical quantities. 

Carbonic oxide ... 19*95 ,, j 

Nitrogen 89.68 „ ) 

Carbonic oxide ... 20*787 „ | For additional carbon. 

174*857 „ 

Carbonic oxide 40*687 cwts. 

„ acid 27*890 „ 

Nitrogen .106*28 „ 

174*857 „ 

418. Oxygen 19*91 cwts. from first air 
„ 8*50 „ „ ironstone 
„ 11*887 „ ,, additional air 

40*247 
„ 2*880 ,, ,9 car. acid of limestone 

43127 

40*687 

414. Carbonic oxide 07.390 ~ ^'^^^ ^^ oxide to 1 of 

44 
acid by weight, or, computing m before, -og = 1*571 x 

1-485 = 2-88 to 1 by volume. 

415. 1 carbon + 1*88 oxygen = 2*^ to be -used a6« 



TOTAL WEIGHTS OF GASES. 145 

divisor in ascertaining the weight of carbon in the oxide, 
1 carbon + 2-66 oxygen = 8-66 divisor for the acid. 

Carbon. Oxygen. 

40-687 

-2:33- = 17-462 + 23-225 



27-39 
8-66 



= 7-483 + 19-907 



24-945 + 43-132 = 68-077 

1-08 + 2-88 from limestone 
23-865 + 40-252 

416. Bat according to some of Ebelman's experiments, 
2*5 of oxide to 1 of acid by volume may be nearer the 
average proportion when escaping at the top, though, as 
the relative proportions are greatly dependent upon the 
size of the furnace, the condition it is in, and the quality 
of metal that is being produced, we will employ this ratio 
merely for the purpose of ascertaining how our weights of 
parbon and of oxygen stand in relation to it. 

417. We will employ the atomic weights as before for 
equal volumes — ^viz., 44 for acid and 28 for oxide. 

28 X 2-5 times _ 70 

44 ~ 44 ~ ^'^^^ ' 

1*591 + 1 = 2*591 to be used as a divisor of the whole 
weight of gas, to find the weight of the proportionate 
volume of carbonic acid in the ^, ratio. 

^ ^ = 26-284 cwts. of carbonic acid. 







68-077 










418. 


26-284 

8-66 " 
41-793 

2-33 " 


= 7-181 cwts. 

17-937 „ 
- 25-118 


carbon, 
>> 












1-08 from limestone, 












24-038 














23-87 
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carbon we have found by estimate, consequently the ratio 
is too high for that weight. 

419. We will now estimate the total eflfective heat 
developed in the combustion of the 23-87 cwts. of 
carbon, and the 31'787cwts. of oxygen supplied by the 
blast in the oxide proportion. 

420. The nitrogen of the blast being already in the 
form of gas equally with oxygen, requires to be included 
in the specific heat equivalent, which we will use as a 
divisor ; but the carbon and the oxygen of the limestone 
carbonic acid, and also the peroxide oxygen, will have to 
be excluded from this estimate, because they are bodies 
merely operated on in a fixed or solid state at the begin- 
ning, and therefore are in the same position in this respect 
as the iron and silica and quicklime. 

Oxygen, 1st 19*91 cwts, 
„ 2nd 11-837 „ 

81-747 „ X 112 X -236 = 838-8 

Carbon 23-870 „ x 112 x -20 = 634-68 

Nitrogen ... 106-280 „ x 112 x -276 = 8273-42 
161-897 „ 4646-90 

23-87 

— 5 — = 11*935 cwts. carbon to form carbonic acid with 

the 81-787 cwts. of oxygen. 

421. 11-985 X 112 X 14000 units = 18728080 units 
total, which we now divide by the specific heat equiva- 
lent 4646-9 found for the weight of gas. 

18728080 
4646'Q ~ 4080, which we now use as the divisor 

for the available heat left after the deduction of the 6,000 
units lost in the latent state per pound of carbon taken 
up in the change from the acid to the oxide form. 

422. 11-935 cwts. carbon x 112 x 6000 = 8026820 
units lost in the latent state. 
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18728080 
8026820 



10701760 -J- 4030 = 2655 lbs. = 23-71 cwts. carbon, 
being 0*16 cwt. less than the actual weight ; the difference 
being due to the ratios of oxygen and nitrogen, which for 
simplicity are merely closely approximate, as we before 
observed. 



SECTION XV. 



423. We will now proceed to estimate the heat pro- 
curable from the carbonic oxide of the escaping gases, 
when fired with as much fresh air admitted as will supply 
oxygen to transform the oxide into acid gas. 

. The nitrogen from the furnace combustion, and what 
will be let free from the additional air in the firing of the 
gas, and also the carbonic acid formed in the furnace, will 
act now simply as diluters or thinners of the heat. 

The carbon of the carbonic oxide has no power to 
attract the required second measure of oxygen from the 
carbonic acid, because that would simply shift the oxide 
form from itself to the carbon it was robbing. 

The case would be different were it possible for volumes 
to combine with fractional parts of volumes. 

The atomic weights which we have been using, and are 
now about again to use, represent the relative weights of 
the combining volumes, which are equal in the space they 
occupy for all bodies, the difference in material, constitu- 
tion, or in density being indicated by the difference in 
weight for the fixed volume. 

424. In estimating the relative weight of two volumes 
of air, we will show a fraction, but that has nothing to do, 
strictly speaking, with combining proportion, as we seek 
merely to know the weight of air which will fill tk<^ ^'^^^a^ 
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of 2 volumes ; and as the proportions in wbich nitrogen 
and oxygen in air are mixed are 4 volumes of the former 
to 1 of the latter = 5 volumes, we get the total atomic 
weight for the 5 volumes, and take two-:&fths of the 
weight, hence the fraction. 

425. The gases escaping from the furnace are as 
follow : — 

Nitrogen 106*28 cwts. per ton of iron 

Carbonic acid 27*39 ,, 

^ , . ., r 17*462 „ carbon 

Carbonic oxide < oo oot 

( 23-225 „ oxygen 

174*357 „ 

426. Becombination with fresh oxygen, and consequent 
contraction of volume, being necessary for complete com- 
bustion at the maximum heat, the carbon of the carbonic 
acid, being satisfied with its two measures of oxygen, 
remains passive, so that the 17*462 cwts. of carbon in the 
oxide are alone concerned in the active combustion of the 
gases, and for this weight of carbon an additional quan- 
tity, 23*225 cwts., of oxygen is required from fresh air, 
and this will be accompanied by 77*752 cwts. of nitrogen. 

.^3 = 77*752 -f 23*225 = 100977 cwts. 

of fresh air. We will now multiply the weights of the 

several gases, including the fresh air, by the respective 

specific heats. 

Nitrogen 106*28 x 112 x -275 = 8278*42 

Carbonic acid . 27*39 x 112 x -22 = 674*89 

„ oxide 40*687 x 112 x -288 = 1812*89 

Fresh air 100*977 x 112 x -267 = 3019*61 

275*834 8280*30 

275*884 X 112 = 80837*4 lbs. of gas. 

428. 8280*3 ^^^^ -i; v * r ^i, 

——--J- — -2685 average specific heat for the 

le body of escaping gas. 
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429. We have already found thai 1 lb. of carbon in 
active combustion, so as to form carbonic acid, can raise 
one 2'44 lbs. equivalent of the nitrogen which accompanies 
the double measure of oxygen, 5,787 units or water-heat 
degrees, or 5,787 equivalents one degree. 

In this we considered the combined carbon and oxygen 
which were undergoing combustion as the operating body, 
which contained the whole of the 14,000 units, and the 
proportion of nitrogen that went in with the oxygen as 
the body to be operated upon. This was simply for the 
purpose of getting a standard by which to estimate the 
heating efifect upon the solid materials in the furnace. 

480. Now, however, in estimating the heat procurable 
from the firing of the carbon in the escaping gases^ we 
have to treat the whole volume of these gases, and also 
of the fresh air admitted, as absorbing heat from the 
total heat generated. 

481. In the former case we treated the heat as if in a 
loose free state, and capable of being all discharged into 
the bodies it was operating upon'; but we now seek to 
know the general temperature. 

482. 17-462 cwts. carbon x 112 = 1955-74 lbs. in 
40*687 cwts. of carbonic oxide. 

1955-74 X 14000 units = 27880860 units total heat 
from the firing of the gases. 
433. 27880360 



-g- = 8807° Fahr. temperature of 



the 



8280- 

flame ; so that, supposing it were practicable to abstract 
the whole of the heat, each of the 8280-8 unit equiva- 
lents, referred to water, of gas of great volume would 
raise the temperature of 1 lb. of water of small volume 
8,807° ; and as the total amount of heat in steam at 212^, 
according to the experiments of Regnault, is 1146°, 
reckoned from freezing-point 32°, this heat would evapo- 
rate 2-885 lbs. of water. 

484. This, however, is only the theoretical effect, and 

il 



150 ntOM AND HEAT. 

assumes that tlie whole of the heat is availabIo» which it 
is not, as there is always a loss in the heat necessary to 
create a draught in the chimney. 

A temperature of 600° Fah. is not unusual at the 
junction of ordinary furnace flues with the chimney ; and 
as this is the temperature we have assumed for the gases 
escaping from the smelting furnace, we have let the one 
balance the other. 

435. We will now suppose that the heat has to be 
given to the air of the smelting furnace blast, passing 
through pipes set in the furnace where the flring of the 
escaping gases takes place. 

436. We have already estimated the weight of nitrogen 
in the blast to be 106*28 cwts., and of oxygen, 31*737 
cwts., together equal to 138*017 cwts. of air. 

106*28 + 31*737 = 138*017 cwts. air, 
138*017 X 112 = 15457*9 lbs. 
15457*9 X '267 = 4127*25 equivalents which repre- 
sent the air reduced to the same measure as water regard- 
ing capacity for heat. 

437. We now add this to the 8280*3 got for the gases, 
and treat the whole as if the enclosing blast pipes were 
removed, so as to allow the blast air to circulate freely 
through amongst the gases. 

4127-25 + 8280*3 = 12407*55 total equivalent mea- 
sure. 

27380360 

438. 10407.5^ = 2206° Fah. of heat as the tempera- 
ture of the flame of the flred gases when diluted by the 
volume of blast air. 

439. We know, however, that the blast air is not heated 
to this degree, and that about one-half of this temperature 
is the most that can be looked for in ordinary heating 
stoves. Were the fired gases drawn through very thin 
and very long tubes, surrounded by the blast air as the 
tubes of a locomotive boiler are by water, uniformity of 
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heat in the blast air and the fired gases might be got 
nearly. 

440. We have given only the combining weight of 
oxygen accompanying nitrogen for the firing of the car- 
bonic oxide. In practice this would be insufficient, as the 
flame would be choked by its own products, intermixing 
with the combustible bodies, and so would bum slower 
with a lower heat. In ordinary boiler furnaces it is usual 
to allow about twice the weight of air required by com- 
bustion, so that the carbon in combustion may have 
readier command of free oxygen than if there were only 
the combining allowance present, seeking its way to it 
through amongst the spent rising gases. A larger allow- 
ance of air, therefore, lowers the general temperature be- 
cause of the greater weight of gaseous matter to absorb 
the given number of heat units, the absolute amount of 
heat being ruled by the weight of carbon in the oxide. 
This lowering of the temperature, in addition to the loss 
of heat in the gases escaping at a much higher tempera- 
ture than 600°, would reduce the proportion of heat avail- 
able for the blast air to about the temperature which is 
reached in practice, about 1000°, 

441. Change of temperature alters the capacity for 
heat ; but we have taken little notice of this alteration, 
because in the most of our estimates, we have treated the 
heat as for total absorption by the receiving bodies. 

The question is one that relates to expansion and 
pressure, that is, to expansion of volume with the pres- 
sure kept uniform throughout, and to increase of pressure 
with the volume maintained the same size as at first. 

442. Expansion with uniform pressure happens in the 
case of these furnace gases, and is accompanied with a 
greater absorption of heat than when the volume is kept 
constant with increasing pressure ; but this branches out 
into a subject somewhat foreign to that which we have 
had in hand, as it belongs to the ** dynamics of heat." 
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We will, therefore, in this direction, content oarselves for 
the present with these slight observations. 

443. When equal volumes in place of equal weights are 
taken, the ultimate result is nearly the same as for th« 
latter. We will here estimate by volume to show this, 
and use the quantities of gases escaping from the smelting 
furnace, and the air required for firing the oxide ; and as 
carbonic oxide and acid gases are reckoned in the simplest 
combining proportions, as of 2 volumes, we will find the 
respective weights of 2 volumes of the several gases con- 
cerned, viz., air, nitrogen, carbonic oxide, and carbonic 
acid, and then, according to the weights per 2 volumes of 
these, will use the respective total weights, to get the 
relative total volumes. 

444. We must here refer back to our remarks upon the 
weight of combining volumes, Paragraph 889, made before 
we entered into cohsideration of the heat procurable from 
the firing of the gases. 

446. The atomic weight per 2 volumes we fixed to be 
as follows : — 

Air i of 6 volumes = 2 volumes = 28*8 

Nitrogen 14 + 1^ = » »> =28-0 

Carbonic oxide 16 + 12 = „ „ = 28*0 

Carbonic acid 16 + 16+12 = „ „ = 440 

446. Actual weights per ton of iron : — 

Fresh air = 100-977 cwts. 

Nitrogen = 106-28 „ \ 

Carbonic oxide = 40-687 „ > from furnace. 
Carbonic acid = 27*89 „ j 

447. Using the atomic weights, we will now find the 
relative proportions by volume simply : — 



Air 1^^=8-506 

28*8 

xru 106*28 Q „QK 

Nitrogen .... — ^r^ — = 8*796 
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Carbonic oxide 12:^ = 1-453 

Carbonic acid ^II?? = -622 

44 

448. We will now assume the 8*506 of air to be equal 

to 1, and will find the relative proportions by volume of 

the other gases : — 

8*796 

= 1*082 relative volume of nitrogen 



8*606 
1*468 
8*606 
0*622 
8*606 



= 0*414 „ ,> carbonic oxide 

= 0*177 „ ,9 carbonic acid 

1*000 „ „ air 



449. The relative proportions being to air as 1*00, we 
now multiply the weight of air by the relative volumes of 
the other gases, use the totals added together, as the 
divisor of the 27,880,860 units of heat belonging to the 
17*462 cwts. of carbon in the oxide, and multiplying the 
result by the average specific heat of the whole gases 
united, get the same temperature nearly as already got 
when estimating by the specific heat relating to weight 
irrespective of volume. 

460. This course of figuring is not intended for direct 
practical use, but only for the purpose of proof so far as 
one system based on another can be used to prove the 
approximate correctness of the one it is based on. 

100*977 X 112 =11309*42 lbs. of air =1 

11809*42 X 1*082 = 12386*79 „ nitrogen =1*082 
11809*42 X 0*414= 4682*09 „ car. oxide =0*414 
11809*42 X 0*177= 2001*76 „ car. acid =0*177 

80380*06 

461. ^J^^^^^ = 902*7°, but in this we have been 
80880*06 

treating the gases as possessed of the same capacity for 
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heat as water ; we have, therefore, to divide this result 
by the *2685 average specific heat already found for the 
whole volume. 

452. ?5|^ = 8362° temperature of the flame of the 

•2685 

fired gases, when no more than the combining proportion 
of oxygen is admitted, and when the stifling effect of the 
spent gases mixing with the yet unfired oxygen is left out 
of consideration. 

This is 55^ in excess of the temperature got when esti- 
mating by the weight alone. 

453. Heating of the blast air : — 

Nitrogen 106-28 cwts. 
Oxygen... 81-737 „ 
Air 138-017 „ 

lbs. owte. 

13^017 X 112 X -267 X 1000Q_ 4127250 ^294=2-625 
14000 14000 

of carbon required to heat the 188-017 Qwts. of air to the 
temperature of 1,000^ Fah. 

454. This weight of carbon must be reckoned as in- 
cluded in the total of 24*7 cwts. per ton of iron, but as it 
is merely the quantity required theoretically for heating the 
weight of air to the temperature named, and is exclusive 
of the waste of heat by the chimney of the air-heating 
furnace, an additional quantity dependent upon the de- 
scription of furnace employed will be required in practice. 

455. The fuel consumed by the boiler furnace of the 
blowing-engine ought also to be taken into account in 
ascertaining the full weight of fuel or carbon per ton of 
iron smelted. The 24-7 cwts. carbon concern merely the 
heat inside the main or smelting furnace, either as directly 
generated there, or carried in by the heat imparted to the 
air of the blast. 

456. The 188-017 cwts. of air admitted cold would 
absorb the same amount of heat inside the furnace in 
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rising to 1,000° as it takes up in the separate heating fur- 
nace ; but the advantage claimed for the hot blast lies in 
the heated air being readier for its appointed work on 
entering, so that combustion with the carbon takes place 
directly in front of the tuyeres ; whereas the cold blast at 
the necessary velocity has become diffused before com- 
bustion is completely effected, so that in the case of the hot 
blast we have the heat concentrated in a comparatively 
thin horizontal layer of the descending material, whereas 
in the other case we have the same total quantity diffused 
through a layer considerably thicker, consequently the 
pound weight of material occupying a given space in the 
thin layer is being subjected to a sharper and more deci- 
sive heat than it is in the thicker layer. And, as the differ- 
ence between the concentrated heat of the thin layer and 
the diffused heat of the thicker layer is analogous to the 
difference between a sharp-edged blade and another with 
a dull edge, a given amount of cutting can be done by the 
former, with less expenditure of force than can be done 
by the latter; and we might carry the parallel a little 
further, and say that the dull blade will not cut at all if 
very blunt, just as the diffused heat will not melt at all 
when dulled to even so little as 1° below the melting tem- 
perature, though the one may bruise and the other may 
soften the respective bodies they are acting on, 

457. The intensity of the concentrated heat in the case 
of the hot blast, enables it to penetrate and fuse the 
materials with less fuel in combustion than is required in 
the case of the cold blast, just as the keenness of the sharp 
blade renders less force necessary in cutting. 

458. The precise reason, however, of the hot blast 
developing heat from combustion so rapidly on its entrance 
is yet in doubt ; the effect is out of proportion to the 
apparent cause. 

459. The efficacy of the hot blast is less observable 
when fuel that is easy of combustion is used, than when 
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hard coke or inferior raw coal is employed, because the 
density of hard coke, or anthracite, prevents the blast 
from penetrating beyond the crust, so that combustion is 
more superficial than when the coke is soft and porous. 
A cold blast abstracts heat from the fire, in rising to the 
temperature it finds inside the furnace, in greater portion 
by the nitrogen, which forms nearly four-fifths of the 
whole, and merely receives and diffuses heat; conse- 
quently, when blowing upon blocks that have only the 
crust ignited, the part it strikes on is apt to be blown 
cold ; whereas, when blowing upon soft porous coke, 
which readily heats through to the centre, there is a depth 
of fire to play upon, which is fed by the entrance of the 
blast into the pores ; so that the air jet, whore it first 
strikes this fael, is operating upon a surface as much 
greater than the surface of the former as the area of the 
crust of the block, plus the area of the walls of the pores 
in the crust, is greater than the area of the impervious 
crust alone. 

The cooling action of the blast, therefore, is rendered 
less apparent in the greater area than in the smaller ; and 
this is in a measure independent of the particular tem- 
perature which the differently constituted bodies respec- 
tively require before ignition can take place, and conse* 
quently, the temperature necessary to maintain combustion 
(paragraph 296). 



SECTION XVI. 

460. Fowler's ** Regenerative '* stoves for heating the 
blast air have the '* waste " gas from the smelting furnace 
introduced, along with the necessary quantity of fresh air, 
at the bottom of a central shaft of fire-brick, which rises 
to within a few feet of a brick dome-shaped roof, of con- 
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siderabty greater diameter than the central shaft, and 
supported by thick outer walls, likewise of brick. The 
space all around between these outer walls and the central 
shaft is filled with bricks, so arranged that the fired gas, 
on rising up through the central shaft and completing its 
combustion in the wide space left vacant under the roof, may 
be able to circulate freely downwards through amongst 
them on its way to the chimney, and leave its heat behind 
in the bricks, for the blast air to take up, when sufficient 
heat having been thus stored, the waste gases are diverted 
into a second similar stove, and the blast air, cold, but 
under pressure, is admitted through a valve in the outer 
wall to flow upward through the heated brick battery to 
the roof chamber, thence downward through the central 
shaft, at the bottom of which are valves for regulating the 
inflow of the gases for firing, and the outflow there of the 
blast into the capacious but short main leading to the 
furnace. 

The temperature of the central chimney is sufficiently 
high for the immediate ignition of the gas when ad- 
mitted with the requisite fresh air through the bottom 
valve. 

461. The bricks that are topmost in the battery are 
ever hottest, because they are nearest to the combustion 
chamber under the roof. 

By the time that the heating current of fired gas has 
reached the bottom course, on a level with the ground 
flue leading to the chimney, the bricks, by absorption of 
the heat, may have lowered the temperature to an average 
of 400° ; but the extent of this reduction is dependent 
altogether upon the dimensions, and more particularly 
upon the height of the battery. 

At the works of Messrs. Cochrane, near Middlesborough, 
where these stoves have been brought to a high state of 
efficiency, the gases are cooled down from a temperature 
of about 2,800° in the combustion chamber, to 800°, or 
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less, at the bottom of the battery, where the chimney flue 
commences. 

The height of the battery in this case is 26 feet ; the 
bricks composing it are of 1 inch thickness, and the dis- 
tance they are apart is 8 inches. 

In ordinary cast iron heating-stoves, the temperatnre of 
the escaping gas has been found to be between 1,200° and 
1,800° for a temperature of blast inside the pipes of 
1,000°. 

Two or more stoves are required, for alternate service ; 
one to be heating the blast, while the other or others are 
having the temperature restored by the firing of the waste 
gas from the fomace. 

462. We will here approximately ascertain the weight 
of brick required to impart the necessary heat to the blast 
air. 

per lb. • 

Air sp. gr. = -0012 = 13-86 cubic feet. 

Fire-brick ... „ = 2-200 = 12*6 cubic inches. 
Water „ =1*00. 

Fire-brick = 187 lbs. per cubic foot, so that 187 lbs. x 
18-86 cubic feet for air ^ 1830 times air is greater in 
volume than fire-brick, when equal weights are taken. 

468. The specific heat of air is '267, and of fire-brick 
•1917; so that •1917-*--267=-718, for brick, to 1 for air, 
is the ratio of their respective capacities for heat ; conse- 
quently, '718 X 100° = 71° 8, is the temperature any 
given weight of air would bo raised by the quantity of 
heat that shows 100° in an equal weight of fire-brick. 

464. About 8,000 cubic feet of air per minute are 
passed through the heating stoves we have just spoken 
of, so that 8000-f-13-86 = 599 lbs. of air per minute; 
and, 8000-7-1830 = 4-87 cubic feet of brick, weighs like- 
wise 599 lbs. ; but we must here raise this measure for 
brick to put it on an equality in heat capacity with air, 
thus;— 
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sp.ht. vp.hU cub. ft. cnb.ft. 

•1917 : -267 : : 4-37 : 608, and, 6-08x137 lbs. = 832 lbs. 
of brick, to contain the same quantity of heat as 599 lbs. 
of air. 

465. With these equivalent proportions, when 599 lbs, 
of air are raised in the stove from zero to the temperature 
of 1,400°, it follows that 832 lbs. of brick wiU be in effect 
cooled from 1,400° sensible temperature to zero, in impart- 
ing this heat to the air ; consequently, as the average 
reduction in temperature in the battery is small — say 
about 100° in 1 hour — the equivalent weight of brick for an 
hour's work must be not less than 14 times that of the air 
passed per hour ; thus — 

lbs. min. hour Ibe. 

599 X 60 = 85940 x 14 = 503160 

cub. ft. 

^^o^^,? ^^l' .^ =60^ X 608 = 3672 cubic feet of soHd 
832 lbs. bnck 

brick. 

466. In the larger stoves the solid contents of the 
batteries are stated to be only 8,040 cubic feet, but the 
heat stored in the enclosing walls, and roof, and central 
shaft, must likewise be taken into account, though the 
surface in contact with the air is very much less in their 
case, in proportion to the solid bulk, than in the case of 
the bricks in the honey-combed formation of the battery. 

Further, we here assumed that the temperature of the 
bricks was no greater than 1,400° ; whereas it is believed 
to be not less than 2,300° at top. The temperature at 
bottom is about 300° in the larger stoves, which, assuming 
that the temperature at the middle is the mean, gives an 

average temperature, roughly, of i = 1800° ; 

m 

but the heat radiating from the solid brick roof, and 
issuing from the walls, must so maintain the temperature 
as to establish a much higher average than this. 



160 IBON AND HEAT. 

467. The difference in the capacity for heat between 
brick and air is provided for in the 882 lbs. of the 
former to 599 lbs. of the latter ; but we may assume 
the weights to be equal, and the difference to be brought 
to a balance by a higher temperature in the brick; 
thus — 

•1917 : -267 : : 1400° : -1950° required by the brick to 
impart 1,400° to the air ; consequently, the higher the 
average temperature ranges in the battery, above 1,400°, 
the nearer may we reduce the 882 lbs. for brick to equality 
with the 599 lbs. for air. 

468. In experiments with the larger stoves the blast 
has been heated to 1,880°, but their regular working tem- 
perature is between 1,400° and 1,500°« 
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Humbers New Work on Water-Supply, 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, Assoc. Inst. 
C.E., and M. Inst. M.E. Author of "Cast and Wrought Iron 
Bridge Construction," &c. &c. This work, it is expected, will con- 
tain about 5.0 Double Plates, and upwards of 300 pages of Text. 
Imp. 4to, half bound in morocco. \In the press, 

*<^* In accumulating information for this volume^ the Author has 
been very liberally assisted by several professional friends, who have 
made this department of engineering their special stucfy. He has thus 
been in a position to prepare a work which, within the limits of a 
single volume, will supply the reader with the most complete and 
reliable infgrmation upon all subjects, theoretical and practical, con- 
nected with water supply. Through the kindness of Messrs, Ander- 
son, Bateman, Hawksley, Homersham, BcUdwin Latham, Lawson, 
I Milne, Quick, Rawlinson, Simpson, and others, several works, con- 
structed and in course of construction, from the designs of these gentle" 
men, will be fully illustrated and described, 

AMONGST OTHER IMPORTANT SUBJECTS THE FOLLOWING WILL BE TREATED 

IN THE text: — 

Historical Sketch of the means that have been proposed and adopted for the Supply 
of Water. — ^Water and the Foreign Matter usually associated with it. — Rainfall and 
Evaporation. — Springs and Subterranean Lakes. — Hydraulics. — ^The Selection of 
Sites for Water Works. — Wells. — Reservoirs. — Filtration and Filter Beds. — Reservoir 
and Filter Bed Appendages. — Pumps and Appendages. — Pumpine Machinery.— 
Culverts and Conduits, Aqueducts, Syphons, &c. — Distribution of >Vatcr. — Water 
Meters and general House Fittings. — Cost of Works for the Supply of Water. — Con- 
stant and Intermittent Supply. — Suggestions for preparing^ Plans, &c. &c., together 
with a Description of the numerous Works illustrated, viz : — ^Aberdeen, Bidefordr 
Cockermouth, Dublin, Glasgow, Loch Katrine, Liverpool, Manchester, Rotherham, 
Sunderland, and several others ; with copies of the Contract, Dcvkvdi9^,«sA'^>S«'s&^ 
cation in each case. 
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Humbers Modern Engineering. First Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1863. Comprising Civil, Mechanical, Marine, Hydmulic, 
Railway, Bridge, and other Engineering Works, &c. By WILLIAK 
H UMBER, Assoc. Inst C.E., &c Imp. 4to, with 36 Double 
Plates, drawn to a large scale, and Photographic Portrait of John 
Hawkshaw, C.E., F.R.S., &c Price 3/. 3^. half morocco. 

List of the Plates, 

NAME AND DESCRIPTION. PLATES. NAME OP BNGINBBK. 

Victoria Station and Roof—L. B.& S. C. Rail i to 8 Mr. R. Jacomb Hood, C.E, 

Southport Pier 9 and xo Mr. James Brunlees, C.£. 

Victoria Station and Roof—L. C. & D. & G. W. 

Railways ixtoisA Mr. John Fowler, C.E. 

Roof of Cremome Music Hall x6 Mr. William Humber, C.E. 

Bridge over G. N. Railway xy Mr. Joseph Cubitt, C£. 

Roof of Station — Dutch Rhenish Railway .. 18 and 19 Mr. Euschedi, C.£. 

Bridge over the Thames— West London Ex- 
tension Railway 20 to 24 Mr. William Baker, C.E. 

Armour Plates 25 Mr. Japies Chalmers, C.E. 

Suspension Bridge^ Thames 26 to 39 Mr. Peter W. Barlow, C.E. 

The Allen Engine 30 Mr. G. T. Porter, M.E. 

Suspension Bridge, Avon 31 to 33 Mr. John Hawkshaw, CE. 

and W. H. Barlow, CE. 

Underground Railway 34 to 36 Mr. John Fowler, CE. 

With copious Descriptive Letterpress, Specifications, &c. 



" Handsomely lithographed and imnted. It will find favour with many whoxlesire 
to preserve in a permanent form copies of the plans and specifications prepared for the 
guidance of the contractors for many important engineering works." — Engittter, 

Humberts' Modern Engineering. Second Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1864 ; with Photographic Portrait of Robert Stephenson, 
C.E., M.P., F.R.S., &c. Price 3/. 3^. half morocco. 

List of the Plates, 

NAME AND DESCRIPTION. PLATES. NAME OP BNGINBBR. 

Birkenhead Docks, Low Water Basin x to xs Mr. 'G. F. Lystcr, C.E. 

Charing Cross Station Roof— C. C. Railway. x6 to x8 Mr. Hawksliaw, C.E. 

Dieswell Viaduct— Great Northern Railway. 19 Mr. J. Cubitt, C.E. 

Robbery Wood Viaduct— Great N. Railway. 20 Mr. J. Cubitt, CE. ^ 

Iron Permanent Way. 70a — — 

Clydach Viaduct — Merthyr, Tredegar, and 

Abergavenny Railway 21 Mr. Gardner, CE. 

Ebbw viaduct ditto ditto ditto 22 Mr. Gardner, CE. 

Colle|;e Wood Viaduct — Cornwall Railway . . 23 Mr. Brunei. 

Dubhn Winter Palace Roof 24 to 26 Messrs. Ordi^ft LeFemve. 

Bridge over the Thames — L. C. & D. Railw. 27 to 32 Mr. J. Cubitt. CEL 

Albeirt Harbour, Greenock 33 to 36 Messrs. Bdi & Miller, 

With copious Descriptive Letterpress, Specifications, &c. 
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A MmMM/(^all diemore interesting and important works lately ooomleted inOrttt 
Britaiin ; and c(»taining, as it does, carefully executed drawings, wim full workfaif 
details, will be found a valuable accessory to the profession at large."— ■^M.^viMm 

" Mr. Himber has idoike the profession good and true service, by the fine colloc^io^ 
of examples he has here brought before the profession and the puUic.^— Pntr/^^ 
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number's Modern Engineering. Third Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1865. Imp. 4to, with 40 Double Plates, drawn to a large 
scale, and Photographic Portrait of J. R. M*Clean, Esq., late Pre- 
sident of the Institution of Civil Engineers. Price 3/. 3^. half 
morocco. 

List of Plates and Diagrams, 



Bridge over River Lea. 
Bridge over River Lea. 



MAIN DRAINAGE, METROPOLIS. 

North Side. 

Map showing Interception of Sewers. 
Middle Level Sewer. Sewer under Re- 

l^ent's Canal. 
Middle Level Sewer. Junction with Fleet 

Ditch. 
Outfall Sewer. Bridge over River Lea. 

Elevation. 
Outfall Sewer. 

Details. 
Outfall Sewer. 

Details. 
Outfall Sewer. Bridges over Marsh Lane, 

North Woolwich Railway, and Bow and 
. Barking Jlailway Junction. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Elevation. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Details. 
Outfall Sewer. Bridge over Bow and 

Barking Railway. Details. 
Outfall Sewer. Bridge over East London 

Waterworks' Feeder. Elevation. 
Outfall Sewer. Bridge over East London 

Waterworks' Feeder. Details. 
Reservoir. Plan. 
Reservoir. Section. 
Outfall Sewer. Tumbling Bay and Outlet 
Outfall Sewer. Penstocl^. 



Outfall Sewer, 
Outfall Sewer, 



South Side. 

Outfall Sewer. Bermondsey Branch. 

Outfall Sewer. Bermondsey Branch. 
Outfall Sewer. Reservoir and Outlet. 
Plan. 



MAIN DRAINAGE, METROPOLIS, 
continued — 

Outfall Sewer. Reservoir and Outlet. 

Details. 
Outfall Sewer. Reservoir and Outlet. 

Details. 
Outfall Sewer. Reservoir and Outlet. 

Details. 
Outfall Sewer. Filth Hoist. 
Sections of Sewers (North and South 

Sides). 

THAMES EMBANKMENT. 

Section of River Wall. 

Steam-boat Pier, Westminster. Elevation. 

Steam-boat Pier, Westminster. Details. 

Landing Stairs between Charing Cross 
and Waterloo Bridges. 

York Gate. Front Elevation. 

York Gate. Side Elevation and Details. 

Overflow and Outlet at Savoy Street Sewer. 
Details. 

Overflow and Outlet at Savoy Street Sewer. 
Penstock. 

Overflow and Outlet at Savoy Street Sewer. 
Penstock. 

Steam-boat i?ier, Waterloo Bridge. Eleva- 
tion. 

Steam-boat Pier, Waterloo Bridge. De- 
tails. 

Steam-boat Pier, Waterloo Bridge. De- 
tails. 

Junction of Sewers. Plans and Sections. 

Gullies. Plans and Sections. 

Rolling Stock. 

Granite and Iron Forts. 



With copious Descriptive Letterpress, Specifications, &c. 
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Mr. number's works — especially his annual * Record,' with which so many of our 

readers ai-e now familiar — ^fill a void occupied by no other branch of literature 

The drawings have a constanUy increasing imlue, and whoever desires to possess clear 
representations of the two great works carried out by our Metropolitan Board will 
obtain Mr. number's last vdume." — Engineering.- 

*' No engineer, architect, or contractor should fail to preserve these records of works 
which, tor magnitude, hstve not their parallel in the present day, no student in the 
profession biit should carefully study the details of these great works, which he may be 
one day called upon to imitate." — mechanics' Magazine, 

f*'A-woAi higMy icreditable to the industry of its authot. .... The Vohime is' quite 
an encydoMMuft • fori^die study of the student who desires to master the subject of 
mtmicipd drainage oil its acale of grfcaftest dcveloiJfctteiil."— Pr«cHc<a M«cW«*we* 
Journal, * I 
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Humberts Modern Engineering. Fourth Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1866. Imp. 4to, with 36 Double Plates, drawn to a large 
scale, and Photographic Portrait of John Fowler, Esq., President 
of the Institution of Civil Engmeers. Price '3/. 3^. half-morocco. 

List of the Plates and Dmgrams, 

NAME AND DESCRIPTION. FLATES. NAME OF BNGINBBR. . 

Abbey Mills Pumping Station, Main Drainage, 

Metropolis x to 4 Mr. Bazalgette, C.E. 

Barrow Docks 5 to 9 Messrs. MAi^lean & Sdllman^ 

Manquis Viaduct, Santiago and Valparaiso [C.K 

RaUway 10, 11 Mr. W. Loyd, C.E. 

Adams' Locomotive, St Helen's Canal Railw. 12,13 Mr. H. Cross, C.E. 
Cannon Street Station Roof, Charing Cross 

Railway 14 to 16 Mr. J. Hawkshaw, C.K 

Road Bridge over the River Moka 17, 18 Mr. H. Wakefield, C.E. 

Telegraphic Apparatus for Mesopotamia .... 19 Mr. Siem'ens, C.E. 

Viaduct over the River Wye, Midland Railw. 20 to 22 Mr. W. H. Barlow, C.E. 

St. Germans Viaduct, Cornwall Railway .... 23, 24 Mr. Bnmel, C.£. 

Wrought-Iron Cylinder for Diving Bell 25 Mr. J. Coode, C.E. 

Millw^ Docks 26 to 31 Messrs. J. Fowler, C.E., and 

William WUson,C.E. 

Milroy*s Patent Excavator 32 Mr. Mihroy, CK 

Metropolitan District Railway 33 to 38 Mr. J. Fowler, Engineer-in- 

Chief, and Mr. T. M. 
Johnson, C.E. 
Harbours, Ports, and Breakwaters A to c 

The Letterpress comprises — 

A concluding article on Harbours, Ports, and Breakwaters, with 
Illustrations and detailed descriptions of the Breakwater at Cher- 
bourg, and other important modem works ; an article on the 
Telegraph Lines of Mesopotamia ; a full description of the W^rought- 
iron Diving Cylinder for Ceylon, the circumstances under which it 
was used, and the means of working it ; full description of the 
Mill wall Docks ; &c., &c., &c. 
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Mr. Humber's * Record of Modem Engineering * is a work of peculiar value, as 
well to those who design as to those who study the art of engineering construction. 
It einbodies a vast amount of practical information in the form of full descriptions and 
working drawings of all the most recent and noteworthy engineering works. The 
plates are excellently lithographed, and the present volume of the ' Record ' is not a 
whit behind its predecessors." — Mechanic^ Magazine. 

** We gladly welcome another year's issue of this valuable publication from the able 
pen of Mr. Humber. The accuracy and general excellence of this work are well 
known, while its usefulness in giving the measurements and details of some of the 
latest examples of engineering, as carried out by the most eminent men in the profes- 
sion, cannot be too highly prized." — Artizan. 

''The volume forms a valuable companion to those which have preceded it, and 
cannot fail to prove a most important addition to every engineering lilwary."— il/mtin^ 
journal. 

** No one of Mr. Humber's volumes was bad ; all were worth their cost, from the 
mass of plates from well-executed drawings which they contained. In this renpect, 
perhap, this last volume is the most valuable that the author has produced."— J^m^- 
/u-a/JfrcAanics' ypttmalL 
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Humberts Great Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, including 
Iron Foundations. In Three Parts — Theoretical, Practical, and 
Descriptive. By William Humber, Assoc. Inst. C. E. , and M. Inst 
M.E. Third Edition, revised and much improved, with 115 Double 
Plates (20 of which now first appear in this edition), and numerous 
additions to the Text. In 2 vols. imp. 4to., price 6/. 16^. 6d, half- 
bound in morocco. \Rectntly published, 

*' A very valuable contribution to the standard literature of civil engineering. In 
addition to elevations, plans, and sections, large scale details are given, which very 
much enhance the instructive worth of these illustrations. No engineer would wil- 
lingly be without so valuable a fund of information. "^-rCivil Engineer and A rckitecfs 
Joumah 

_ ** The First or Theoretical Part contains mathematical investigations of the prin- 
ciples involved in the various forms now adopted in bridge construction, lliese 
investigations are exceedingly complete, having evidently been very carefully con- 
sidered and worked out to the utmost extent that can be desired by the practical man. 
The tables are of a very useful character, containing the results of the most recent 
experiments, and amongst them are some valuable tables of the weight and cost of 
cast and wrought-iron structures actually erected. The volume of text is amply illus- 
trated by numerous woodcuts, plates, and diagrams : and the plates in the second 
volume do great credit to both draughtsmen and engravers. In conclusion, we have 
great pleasure in cordially recommending this work to our readers." — Artizan, 

*' Mr. Humber's stately volumes lately issued — in which the most important brides 
erected during the last five years, under the direction of the late Mr. Bnmel, Sir W. 
Cubitt, Mr. Hawkshaw, Mr. Page, Mr. Fowler, Mr. Hemans, and others among our' 
most eminent engineers, are drawn and specified in great detail." — Engineer, 

Weale^s Engineer s Pocket-Book, 

THE ENGINEER'S, ARCHITECT'S, and CONTRACTOR'S 
POCKET-BOOK (Lockwood & Co.'s; formerly Weale's). 
Published Annually. In roan tuck, gilt edges, with 10 Copper- 
Plates and numerous Woodcuts. Price 6^. 

** There is no work published by or without authority, for the use of the scientific 
branches of the services, which contains anything uke the amount of admirably 
arranged, reliable, and useful information. It is really a most solid, substantial, suid 
excellent work ; and not a page can be opened by a man of ordinary intelligence which 
will not satisfy him that this praise is amply deserved." — Army and Navy Gaaette, 

*' A vast amount of really valuable matter condensed into the small dimen- 
sions of a book which is, in reality, what it professes to be — a pocket-book 

We cordially recommend the book to the notice of the managers of coal and other 
mines ; to them it will prove a handy book of reference on a variety of subjects more 
or less intimately connected with their profession. It might also be placed with 
advantage in the hands of the subordinate officers in collieries." — Colliery Guardian. 

" The assignment of the late Mr. Weale's * Engineer's Pockei-Book* to Messrs. 
Lockwood & Co. has by no means lowered the standard value of the work. It is too 
well known among those for whom it is specially intended, to need more from us than 
the observation that this continuation of Mr. Weale's series of Pocket Books well 
sustains thjs reputation the work has so long enjoyed. Every branch of engineering 
is treated of, and facts, figures, and data of every kind abound." — Mechanic^ Mmg. 

" It contains a laree amount of information peculiarly valuable to those for whose 
use it is compiled. We cordially commend it to the engineering and architectural 
professions generally." — Mining journal. 

"A multitude of useful tables, without reference to viV>kiv>2ftfc «B!es«Kt^'«^KjM«i 
or contractor co«ld scarcely get through a smsVe AaV^-watV;.?* — Sctentifvc Rc^^rw. 
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Barlow on the Strength of Materials^ enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and gradients. By Peter Barlow, F.R.S., Mem. Inst, of France ; 
of the Imp. and Royal Academies of St. Petersburgh and Brussels ; 
of the Amer. Soc. Arts ; and Hon. Mem. Inst. Civil Engineers. 
A New and considerably Enlarged Edition, revised by his Sons, 
P. W. Barlow, F.R.S., Mem. Inst. C.E., and W. H. Barlow, 
F.R.S., Mem. of Council Inst. C.E., to which are added a Sum- 
mary of Experiments by Eaton Hodgkinson, F.R.S., William 
Fairbairn, F.R.S., and David Kirkaldy; an Essay (with 
Illustrations) on the effect produced by passing Weights over 
Elastic Bars, by the Rev. Robert Willis, M.A., F.R.S. And 
Formulae for Calculating Girders, &c The whole arranged and 
edited by William Humber, Assoc. Inst C.E., and Mem. Inst. 
M.E., Author of ** A Complete and Practical Treatise on Cast and 
Wrought-Iron Bridge Construction," &c &c. Demy 8vo, 400 pp., 
with 19 large Plates, and numerous woodcuts, price i&f. cloth. 

Opinions of the Press, 



€t I 



This edition has undergone considerable improvement, and has been brought down 
to the present date. It is one of the first books of reference in existence." — Artvutn, 

'* Although issued as the sixtn edition, the volume under consideration is worthy of 
being regarded, for all practical purposes, as an entirely new work . . . the biook 
is undom>tedly worthy of the highest commendation, and of an honourable place in 
the library of every engineer." — Mining Journal. 

"An increased value has been given to this very valuable work by the addition of 
a large amount of information, which cannot prove otherwise than highly usefid to 
those who require to consult it. ... . The arrangement and editing of this 
mass of information has been undertaken by Mr. Humber, who has most ably fulfilled 
a task requiring special care and ability to render it a success, which this edition most 
certainly is. He has given the finishing touch to the volume by introducing into it 
an interesting memoir of Professor Barlow, which tribute of respect, we are sure, will 
be appreciated by the members of the engineering profession.'* — mechanic^ Magazine, 

" A book which no engineer of any kind can afford to be without. In its present 
■ form its former value is much mcrcaiStd.**—Colligry Guardian. 

" The best book on the subject which has yet appeared. .... We know of 

no work that so completely fulfils its mission As a scientific work of the 

iirst dass, it deserves a foremost place on the bookshelves of every civil engineer and 
practical mechanic." — English Mechanic. 

" There is not a pupil in an engineering school, an apprentice in an engineer's or 
architect's office^ or a competent clerk of works, who will not recognise in the scientific 
volume newly given to circulation, an old and valued friend. . . So far as the strength 
of timber is concerned, there is no greater authority than Barlow.** — Building News. 

" It is scarcely necessary for us to make any comment upon the fiirst portion of 
the new volume. .... Valuable alike to the student, tyro, and experienced 
practitioner, it will always rank in future, as it has hitherto done, as the standard 
treatke upon this particular subject" — Engineer^ 

''The present edition offers some important advantages over previous ones. The 
additions are both extensive and valuable, comprising experiments by Hodgkinson on 
the strength of cast-iron ; extracts from papers on the transverse strength ofbesuns by 
W. H. Barlow ; an article on the strength of columns ; experiments by Fairbairn, on 
iron and steel plates, on the behaviour of girders subjected to the vibration of a 
changing load, and on various cast and wrought-iron beams ; experiments by Kirkaldy, 
on wrought-iron and steel bars^ and a short appendix of formulae for jready applicatio|ii 
in qonqputing th« stmins on bridges. "--^£iiysM«irrdii^^ 
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S trains, Formulce & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of, STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulseand Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
HuMBER, Assoc. Inst. C.E., &c. Fcap. 8vo; with nearly 100 
Woodcuts and 3 Plates, price 7^. 6d, cloth. 

It is hoped that a stnall worky in a handy fornt^ devoted entirely to Bridge and 
Girder Calculations ^ without giving more than is absolutely necessary for the complete 
solution of practical problems y will meet with feady acceptance from the engineering 
profession. One of the chief features, of the present work is the extensive application 
of simply constructedm/LG^Ayis to the calculation of the strains on bridges and girders. 

'I To supply a universally recognised want of simple formulae, applicable to the 
varied problems to be met with in ordinary practice, Mr. Humber, whose works on 
modem engineering afford sufficient evidence of his qualifications for the task, has 
compiled his 'Handy Book.' The. arrangement of the matter in this litde volume is 

as convenient as it well could be The system of employing diagrams as a 

substitute for complex computations is one justly coming into ^eat favour, and in that 
respect Mr. Humoer's volume is fully up to the times." — Engineering. 

** The formulae are neatly expressed, and the diagrams giQodJ*—Athenaum. 

" That a necessity existed for the book is evident, we think ; that Mr. Humber has 
achieved his design is equally evident. .... We heartily commend the really handy 
book to our engineer and architect readers." — English Mechanic. 

*' It is, in fact, what its name indicates, a handy book^ . .. . giving no more than 
is absolutely necessary for the complete solution of practical problems." — Colliery 
Guardian. 

''This capital little work will suppler a want, often found by engineers, viz., of 
having the requisite formulae for calculating strains in a complete form, and yet suffi- 
ciently portable to be carried in the pocket .... Almost every formula that could 
possibly be required, together with diagrams of strains, is put concisely, ^ret clearly, 
in a work of considerably less size than an engineering podcet book."— yjr/<«a». 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 
with Practical Remarks on Iron Construction. By F. W. Sheilds> 
M. Inst. C.E. Second Edition, with 5 plates. Royal 8vo, 5j. cloth. 

Contents . — Introductory Remarks ; Beams Loaded at Centre ; Beams Loaded at 
imequal distances between supports ; Beams uniformly Loaded ; Girders with triangu- 
lar bracini^ Loaded at centre ; JDitto, Loaded at unequal distances between supports ; 
Ditto, uniformly Loaded ; Calculation of the Strains on Girders with triangular 
Basings ; Cantilevers ; Continuous Girders ; Lattice Girders ; Girders with Vertical 
Struts and Diagonal Ties; Calculation of the Strains on Ditto; Bow and String 
Girders ; Girders of a form not belonging to any regular figure ; Plate Girders \ Ap- 
portionments of Material to Strain ; Comparison of different Girders ; Proportion of 
Length to Depth of Girders ; Character of the Work ; Iron Roofs. 

Trigonometrical Stcrveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, LevElling, &c., with the most useful Problems in Geodesy 
and Practical Astronomy, and Formulae and Tables for FacilitJsiting 
their Calculation. By Major-General Frome, R.E., Inspector- 
General of Fortifications, &c. Third Edition^ rcvisftjiwAvssssi^sw*^^, 
With 10 Plates and 1 13 Woodcvife. ^o^%ho, \'rs. OtfiCo.. 



8 WORKS PUBLISHED BY LOCKWOOD dc CO. 



Hydraulics. 



HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULiE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. By John Neville, Civil Engineer, M.R.I.A. 
Second Edition, with extensive Additions, New Formulae, Tables, 
and General Information on Rain-fall, Catchment-Basins, Drainage, 
Sewerage, Water Supply for Towns and Mill Power. With nume- 
rous Woodcuts, 8vo, i6j. doth. 

%* This work contains a vast number of different hydraulic 
formulae, and the most extensive and accurate tables yet published 
for finding the mean velocity of discharge from triangular, quadri- 
lateral, and circular orifices, pipes, and rivers ; with experimental 
results and co-efficients ; effects of friction ; of the velocity of 
approach ; and of curves, bends, contractions, and expansions ; the 
best form of channel ; the drainage effects of long and short weirs, 
and weir-basins ; extent of back-water from weirs ; contracted 
channels ; catchment-basins ; hydrostatic and hydraulic pressure ; 
water-power, &c. &c. 

Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING; showing its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst. C.E. Fifth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of Laying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
%s. 6d, cloth. %* Trautwine on Curves, separate, price 5^. 

" One of the most important text-books for the general surveyor, and there is 
scarcely a question connected with levelling for which a solution would be sought but 
that would be satisfactorily answered by consulting the volume." — Mining youmai. 

** The text-book on levelling in most of our engineering schools and colleges.*'— > 
JEngineer. 

''The publishers have rendered a substantial service to the profession, especially to 
the younger members, by bringing out the present edition of Mr. Sinjms's useful work.** 
^-Engineering. 

Tunnelling. 

PRACTICAL TUNNELLING ; explaining in Detail the Setting 
out of the Works ; Shaft Sinking and Heading Driving ; Ranging 
the Lines and Levelling Under-Ground ; Sub- Excavating, Timber- 
ing, and the construction of the Brickwork of Tunnels ; with the 
Amount of Labour required for, and the Cost of the various Por- 
tions of the Work. By Fredk. W. Simms, F.R. A.S., F.G.S., 
M. Inst C.E., Author of **A Treatise on the Principles and 
Practice of Levelling," &c. &c. Second Edition, revised by W. 
Davis Haskoll, Civil Engineer, Author of "The Engineer's 
Field-Book," &c. &c. With 16 large folding Plates and numerous 
Woodcuts. Imperial 8yo, i/. \s. cloth. 
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Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS ; intended for the Assistance of Engineers, 
Iron-Masters, Millwrights, Architects, Founders, Smiths, and 
others engaged in the Construction of Machines, Buildings, &c. ; 
containing Practical Rules, Tables, and Examples, founded on a 
series of New Experiments ; with an Extensive Table of the Pro- 
perties of Materials. By the late Thomas Tredgold, Mem. Inst 
C.E., Author of " Elementary Principles of Carpentry," ** History 
of the Steam-Engine," &c. Fifth Edition, much improved. 
Edited by Eaton Hodgkinson, F.R.S. ; to which are added 
EXPERIMENTAL RESEARCHES on the STRENGTH and 
OTHER PROPERTIES of CAST IRON ; with the Develop- 
ment of New Principles, Calculations Deduced from them, and 
Inquiries Applicable to Rigid and Tenacious Bodies generally. By 
the Editor. The whole Illustrated with 9 Engravings and nume- 
rous Woodcuts. 8vo, I2s, cloth. 

%* Hodgkinson's Experimental Researches on the 
Strength and Other Properties of Cast Iron may be had 
separately. With Engravings and Woodcuts. 8vo, price 6s, cloth. 

The High-Pressure Steam Engine, 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 

of its Comparative Merits, and an Essay towards an Improved 

System of Construction, adapted especially to secure Safety and 

Economy. By Dr. Ernst Alban, Practical Machine Maker, 

Plau, Mecklenberg. Translated from the German, with Notes, by 

Dr. Pole, F.R.S., M. Inst. C.E., &c. &c. With 28 fine Plates, 

8vo, I dr. dd, cloth. 

" A work like this, which goes thoroughljr into the examination of the high-pressure 
gine, the boiler, and its appendages, &c., is exceedini ' 
in every scientific library. "■—tS'/tftfw Shipping Chronici 



engine, the boiler, and its appendages, &c., is exceedingly useful, and deserves a place 



Tables of Curves, 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Printed on 48 Cards, and sold in a 
cloth box, waistcoat- pocket size, price 3j*. 6df. 

" Each table is printed on a small card, which, being placed on the theodolite, leaves 
the hands free to manipulate the instrument — no small advantage as regards the rapidity 
of wofk. They are clearly printed, and compactly fitted into a small case for the 
pocket — an arrangement that will recommend them to all practical men.'* — Engineer. 

" Very handy : a man may know that all his day's work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest behind." — Athenteum. 

Laying Out Curves. 

THE FIELD PRACTICE of LAYING OUT CIRCULAR 
CURVES for RAILROADS. By John C. Trautww^C,^..^ 
of the United States<extractcdftom^i^iii^'^^wN8.wiVi«€!KaNs^' 

8vo, 5/. sewed. 
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Estimate and Price Book. 

THE CIVIL ENGINEER'S AND CONTRACTOR'S ESTI- 
MATE AND PRICE BOOK for Home or Foreign Service : 
in reference to Roads, Railways, Tramways, Docks, Harbours, 
Forts, Fortifications, Bridges, Aqueducts, Tunnels, Sewers, Water- 
works, Gasworks, Stations, Barracks, Warehouses, &c &o. &c. 
With Specifications for Permanent Way, Telegraph Materials, 
Plant, Maintenance, and Working of a Railway ; and a Priced List 
of Machinery, Plant, Tools, &c., required in the execution of Public 
Works. By W. Davis Haskoll, C.E. Plates and numerous 
Woodcuts. Published annually. Demy 8vo, cloth, ds, 

" As furnishing a variety of data on every conceivable want to civil engineers and 
. contractors, this book has ever stood perhaps uarvra!lled.'""Arcktfecif Jan. at, 1871. 

** The care with which the particulars are arranged reflects credit upon the author, 
each subject being divided into tables under their own special heads^ so that no 
difficulty arises in finding the exact thin^ one wants. The value of the work tp the 
student and the experienced contractor is inestimable." — Meckanids Mag., Feb. 3. 

*'Mr. Haskoll has bestowed very great care upon the preparation of his estimates 
imd prices, and the work is one which appears to us to be in every way deserving of 
confidence." — Builder's Weekly Reporter^ Jan. 27, 1871. 

*' Mr. HaskoU's book will prove of the utmost possible utility Xa the profession. 
The particulars are equally adapted to all branches of engineering. The manner in 
which the specifications are given leaves nothing to be desired, ^nd to many young 
engineers they will prove invaluable. Even in the hands of those having some expe- 
rience the book will often serve to call attention to matters which in the haste of 
estimating might otherwise be forgotten. It is altogether a work which few practising 
engineers will care to be yixxkioxxl.— -Mining Journal, Feb. ix, 1871. 



Surveying (Land and Marine). 

LAND AND MARINE SURVEYING, in Reference to the 
Preparation of Plans for Roads and Railways, Canals, Rivers, 
Towns' Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C. E., 
Author of "The Engineer's Field Book," " Examples of Bridge 
and Viaduct Construction," &c. Demy 8vo, price I2J. (id. cloth, 
with 14 folding Plates, and numerous Woodcuts. 

" ' Land and Marine Surveying* is a most useful and well arranged book for the 
aid of a student .... We can strongly recommend it as a carefully-written 
and valuable text-book." — Builder, July 14, 1868. 

" He only who is master of his subject can present it in such a way as to make it 
intelligible to the meanest capacity. It is in this that Mr. Haskoll excels. He has 
knowledge aind experience, and can so g^ve expression to it as to make any matter on 
which he writes, clear to the yoimgest pupil in a surveyor's office. ». . . . The 
work will be found a useful one to men of experience, for there are few such who will 
not get some good ideas from it ; but it is indispensable to the youqg practitioner." — 
Colliery Guardian, May 9, x868. 

** A volume which cannot fail to prove of the utmost practical utility. . . . .It 
is one which may be safely recommended to all students who aspire to become clean 
and expert surveyors ; and from the exhaustive manner in which Mr. Haskoll has 
placed his long experience at the disposal of his readers, there will henceforth be no 
excuse for the complaint that young practitioners are at a disadvantage, through the 
neglect^ their semors to point out the importance of minute details, since they can 
readily stwply the deAaeacy by the stuidy m the voluihe now under consideration."— 
Af^tlnsg- y^uma/, Mscy $, 1868. 
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Fire Engineering, 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Manual and Steam Fire-Engines, their Construc- 
tion, Use, and Management ; Remarks on Fire- Proof Build- 
ings, and the Preservation of Life from Fire ; Statistics of the Fire 
Appliances in English Towns ; Foreign Fire Systems ; Hints for 
the formation of, and Rules for. Fire Brigades ; and an Account of 
American Steam Fire-Engines. By Charles F. T, Young, C.E., 
Author of **The Economy of Steam Power on Common Roads," 
&c. With numerous Illustrations, Diagrams, &c, l^dspmely 
printed, 544 pp. , demy 8vo, price il. 4J". cloth. 

"A large well-filled and useful book upon a sulgect which possesses a wide and 

increasing public interest To such of our readers as are interested in the 

subject ofnr^ and fire apparatus we can most heartily commend this book. .... 
It is really the only English work we now have upon the subject." — Engineering. 

** Mr. Youn|^ has proved by his present work that he is a good engineer, and pos- 
sessed of suffiaent literary energy to produce a very readable and interesting volume." 
— Engineer, 

** Fire, above all the elements, is to be dreaded in a great ci^, and Mr. Young 
deserves hearty thanks for the elaborate pains, benevolent spirit, scientific knowledge, • 
and lucid exposition he has brought to bear upon the subject ; and his substantial book 
should meet with substantial success, for it concerns every one who has even a skin 
which is not fireproof." — Illustrated London News. 

"A volume which must be regarded as the text-book of its subject, and^ which in 
point of interest and intrinsic value is second to no contribution to a special derart- 
ment of history with which we are acquainted. * Fires, Fire-Engines, and Fire 
Brigades ' is the production of an earnest and diligent writer who comes to the task he 
has undertaken with a thorough love of it, and a firm determination to do it justice. 

. . . . The style of the work is admirable It has the surpassing 

merit of being thoroughly reliable." — Insurance Record. 

" That Mr. Young's treatise is an exhaustive one will be admitted when we state 
that there does not appear to be anything within the scope of his comprehensive title 
that has been left unnoticed. An immense aoiount of the most varied information 
relating to the subject has been collected from every conceivable source, and goes to 
form a history full of abiding interest. Great credit is unquestionably due to Mr. 
Young for having brought before the public the results of his exploration in this hitherto 
untrodden field. We strongly recommend the book to die notice of all who are in 
any way interested in fires, fire-engines, or fire-brigades." — Mechanic^ Magazine. 

Earthwork, Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, 2.r. ()d, cloth. 

" We can cordially recommend the work to the notice of our rt.&itn.^*'— Building 
News. 

** As a. really handy book for reference, we know of no work equal to it ; and the 
railway engineers and others employed in the measurement and calculation of earth- 
work will find a great amount of practical information very admirably arranged, and 
available for general or rough estimates, as well as for the more exact calculations 
required in the engineers' contractor's offices." — Artizan. 

" The object of this little book is an investigation of all the principles requisite for 
the measurement and calculation of earthworks, and a consideration of the data neces- 
sary for such operations. The author has evidently bestowed much cax^, vcs. «5SL«^«::Csel'^ 
this object, and points out with much clearties& tSaa xes^3^X& *1 \»& a>«ra. Oofa^s^^-o^ 
derived from practical experience. The subjects treaXed. ol «tfc ^cccnss^ve^xs^ ^«^- 
executed diagrsLms and instructive examples?' — Army and Now^ Ga*«txe» 
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Field-Book for Engineers. 



THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, Civil 
Engineer. Second Edition, much enlarged, consisting of a Series 
of Tables, with Rules, Explanations of Systems, and Use of Theo- 
dolite for Traverse Surveying and Plotting the Work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling 
with the TheodoUte, Casting out and Reducing Levels to Datum, 
and Plotting Sections in the ordinary manner; Setting out Curves 
with the Theodolite by Tangential Angles and Multiples with Right 
and Left-hand Readings of the Instrument; Setting out Curves 
without Theodolite on the System of Tangential Angles by Sets of 
Tangents and Offsets ; and Earthwork Tables to 80 feet deep cal- 
culated ior every 6 inches in depth. With numerous wood-cuts, 
i2mo, price I2J-. cloth. 

"A very tiseful work for the practical engineer and surveyor. Every person 
engaged in engineering field operations will estimate the importance of such a work 
and Uie amount of valuable time which will be saved by reference to a set of reliable 
tables prepared with the accuracy and fulness of those given in this volume.'*— i?ai/- 
VHiy News. , 

" The book is very handy, and the author might have added that the separate tables 
of sines and tangents to every minute will make it useful for many other purposes, the 
genuine traverse tables existmg all the same." — Athetueufn, 

''The work forms a handsome pocket volume, and cannot fail, from its portability 
and utility, to be extensively patronised by the engineering profession."~-AfMM>^ 
youmaf. 

" We know of no better field-book of reference or collection of tables than that 
Mr. Haskoll has given." — Arttzan. 

" A series of tables likely to be very useful to many civil engineers." — Building News. 

"A very useful book of tables for expediting field-work operations. . . . The present 
edition has been much enlarged" — Mechanics^ Magazine. 

"We strongly recommend this second edition of Mr. Haskoll's ' Field Book' to all 
classes of surveyors."— Coliiety Guardian. 

Railway Engineering, 

THE PRACTICAL RAILWAY ENGINEER. A concise 
Description of the Engineering and Mechanical Operations and 
Structures which are combined in the Formation of Railways for 
Public Traffic ; embracing an Account of the Principal Works exe- 
<nited in the Construction of Railways ; with Facts, Figures, and 
Data, intended to assist the Civil Engineer in designing and executing 
the important details required. By G. Drysdale DempSey, C.E. 
Eourth Edition, revised and greatly extended. With 71 double 
quarto Plates, 72 Woodcuts, and Portrait of George Stephenson. 
One large vol. 4to, 2/. 12^. dd, cloth. 

Harbours. 

THE DESIGN and CONSTRUCTION of HARBOURS. By 
Thomas Stevenson, F.R.S.E., M.LC.E. Reprinted and en- 
larged from the Article ** Harbours," in the Eighth Edition of " The 
EncjrcJopasdia Britannica." With 10 Plates and numerous Cuts. 
Svo, los, 6d, doth. 
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Bridge Construction in Masonry^ Timber ^ and 
Iron, 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of select 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, ^ 
illustrated with 6 pages of Diagrams. Imp. 4to, price 2/. 12s, dd, 
half-morocco. 

** One of the very few works extant descending to the level of ordinary routine, and 
treating on the common every-day practice of the railway engineer. ... A work of 
the present nature by a man of Mr. HaskoU's experience, must prove invaluable to 
hunareds. The tables of estimates appended to this edition will considerably enhance 
its value." — Engineering. 

** We must express our cordial approbation of the work just issued by Mr. Haskoll. 
.... Besides examples of the best and most economical forms of bridge construction, 
the author has compiled a series of estimates which cannot fail to be of service to die 
practical man. . . . The examples of bridges are selected from those of the most notable 
construction on the different lines of the kingdom, and their details may consequently 
be safely followed." — Railway News. 

" A very valuable volume, and may be added usefully to the library of every younj; 
engineer. ^— Builder. 

" An excellent selection of examples, very carefully drawn to useful scales of pro- 
portion. " — A rtizan. 

Mathematical and Drawing Instruments, 

A TREATISE ON THE PRINCIPAL MATHEMATICAL 
AND DRAWING INSTRUMENTS employed by the Engineer, 
Architect, and Surveyor. By Frederick W. Simms, F.G.S., M. 
Inst. C.E., Author of ** Practical Tunnelling," &c. &c. Third 
Edition, with a Description of the Theodolite, together with Instruc- 
tions in Field Work, compiled for the use of Students on commenc- 
ing practice. With numerous Cuts. i2mo, price 3J. 6^. cloth. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. Third Edition, with 
Plates. Imperial 8vo, price 8j. cloth. 

*^^* The small remaining stock of this work^ which has been un^ 
obtainable for sometime^ has just beeft purchctsed by LoCKWOOD & Co. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large folding Plates. By Geo. Watson 
Buck, M. Inst. C.E. Second Edition, corrected by W. H. 
Barlow, M. Inst. C.E. Imperial 8vo, I2j. cloth. 

"The standard text-book for all engineers regarding skew arches, is Mr. Buck's 
treatise, and it would be impossible to consult a better." — Engineer. 

"A very complete treatise on the subject, re-edited by Mr. Barlow, who has atdded 
to it a method of making the requisite calculations Yi\\hou\.>3ckft>asR. qV vc>!ifsQssttv^cc\Rs^ 
formuke. ** -'Builder. 
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WeaUs Series of Rudimentary Works, 

These hi^y popular and cheap Series of Books, now oomprising 
upwards of Two Hundred and Fifty distinct Wctrks in almost eyery 
department of Science, Art, and Education, are recommended to the 
notloe of Engineers, Architects, Builders, Artizans, and Students gene> 
raUy, as well as to those interested in Workmen's Iiihrarles, Free 
Idhraries, Iiiterary and Scientific Institutions, Colleges, Schools, Science 
CSlasses, ftc, fto. Iiists of the several Series may he had on apjdlcation 
to IiOOEWOOD db GO. 

The following is a Selection of the Works on Civil Engineering: — 

STEAM ENGINE. By Dr. Lardneb. is, 

TUBULAR AND IRON GIRDER BRIDGES, including the Britannia and 
Conway Bridges. By G. D. Dempsey. xs. 6d, 

STEAM BOILERS, their Construction and Management. By R. Armstbong. 
With Additions, zs. 6d. 

RAILWAY CONSTRUCTION. By Sir M. Stephknsok. New EdiHon, as,j6d. 

STEAM ENGINE, Mathematical Theory of. By T. Baker, is. 

ENGINEER'S GUIDE TO THE ROYAL AND MERCANTILE NAVIES. 
By a Practical Engineer. Revised by D. F. McCarthy. 3*. 

XIGHTHOUSES, thdr Construction and Illimiination. By Alan Stevenson, y. 

CRANES AND MACHINERY FOR RAISING HEAVY BODIES, the Art of 
Constructing. By J. Glynn, is, 

CIVIL ENGINEERING. By H. Law and G. R. Burnell. New Edition, 5*. 

DRAINING DISTRICTS AND LANDS. By G. D. Dempsey. w.&/. ) The 

DRAINING AND SEWAGE OF TOWNS AND BUILDINGS. By f2v0ls.ini, 
G. D. Dempsey. ar. J 3*« 

WELL-SINKING, BORING, AND PUMP WORK. By J. G. Swindell ; 
Revised by G. R. Burnell. \s, 

ROAD-MAKING AND MAINTENANCE OF MACADAMISED ROADS. 
By Gen. Sir J. Burgoyne. \s. 6d. 

AGRICULTURAL ENGINEERING. BUILDINGS, MOTIVE POWERS, 
FIELD MACHINES, MACHINERY AND IMPLEMENTS. By G. H. 
Andrews, C.E. 3^. 

ECONOMY OF FUEL. By T. S. Prideaux. is. 6d. 

EMBANKING LANDS FROM THE SEA. ByJ. Wiggins, its, 

Water power, as applied to Mills, &c. By J. Glynn, jw. 

GAS WORKS, AND THE PRACTICE OF MANUFACTURING AND 
DISTRIBUTING COAL GAS. By S. Hughes, C.E. 3*. 

WATERWORKS FOR THE SUPPLY OF OlTIES AND TOWNS. By S. 
Hughes, C.E. 3^. 

SUBTERRANEOUS SURVEYING, AND THE MAGNETIC VARL/^TION 
OF THE NEEDLE. By T. Fenwick, with Additions by T. Baker. 2*. 6d. 

CIVIL ENGINEERING OF NORTH AMERICA. By D. Stevenson, y. 

HYDRAULIC ENGINEERING. By G. R. Burnell. 3*. 

RIVERS AND TORRENTS, with the Method of Regulating their Course and 
Channels, Navigable Canals, &c., from the Italian of Paul Frisi. 2s. 6d, 

COMBUSTION OF COAL AND THE PREVENTION OF SMQKE. By 
C. Wye Williams, M.I.CE. 3^. 

WATER POWER, as applied to Mills, &c. By J. Glynn, as. 

MARINE ENGINES and STEAM VESSELS and the SCREW. By Robert 
Murray, C.E. Fifth Edition, y. 

ENGINEER'S GUIDE TO THE ROYAL AND MERCANTILE NAVIES. 
By a pRACTiCAis Engineer. Revised by D. F. McCarthy. 
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ARCHITECTURE. 



Construction. 

THE SCIENCE of BUILDING : an Elementary Treatise on 
the Principles of Construction. Especially adapted to the Re- 
quirements of Architectural Students. By E. Wyndham Tarn, 
M.A., Architect. Illustrated with 47 Wood Engravings. Demy 
8vo, price 8j. dd. cloth. \Recently published, 

** A very valuable book, which we strongly recommend to all students." — Builder. 

" A modest and valuable book of reference for the student. . . . The formulae will 
be found perfectly intelligible and available by the class for whom they are intended.*' — 
Athenaum. 

*' While Mr. Tam*s valuable little volume is quite sufficiently scientific to- answer 
the purposes intended, it is written in a style that will deservedly make it popular. 
The diagrams are numerous and exceedingly well executed, and the student who has 
been warned not to read small print at night may safely study the present volume, as 
the type is bold and clear, and the lettering of the equations and formulae so sraarated 
from tne immediate text, that they can be at once identified and distinguished. The 
treatise does credit alike to the author and the publisher." — Engineer^ Feb. 17, 1871. 

" No architectural student should be without this hand-book of constructional 
knowledge." — Architect. 

"The book is very far from being a mere compilation ; it is an able digest of 
information which is only to be found scattered through various works, and contains 
more really original writing than many putting forth far stronger claims to originality. 
.... Mr. Tarn has done his work exceedingly well, and he has produced a book 
which ought to earn him the thanks of all architectural students. The book is clearly 
printed in bold type, the wood-cuts are all well executed, and the work is made of a 
very convenient size for reference." — Engineering. 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for Villa Residences in various Styles. "With 
Detailed Specifications and Estimates. By C. Wickes, Architect, 
Author of " The Spires and Towers of the Mediaeval Churches of 
England," &c. First Series, consisting of 30 Plates ; Second 
Series, 31 Plates. Complete in i vol., 4to, price 2/. ioj. half 
morocco. Either Series separate, price i/. 7^. each, half morocco. 

" The whole of the designs bear evidence of their being the work of an artistic 
alxhitect, and they will prove very valuable and suggestive to architects, students, and 
9XtaXtMX%J* ^Building News. 

The Architect's Guide. 

THE ARCHITECT'S GUIDE ; or, Office and Pocket Com- 
panion for Engineers, Architects, Land and Building Surveyors, 
Contractors, Builders, Clerks of Works, &c By W. Davis 
Haskoll, C.E., R. W. Billings, Architect, F. Rogers, and 
P. Thompson. With numerous Experiments by G. Rennie, 
C.E., &c. Woodcuts, i2mo, cloth, price Jj. dd. 

Vitruvius^ Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, F.S.A., F.R.A.S. 
Numerous Plates. i2mo, cloth limp, price ^£. 
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The Young Architecfs Book, 

HINTS TO YOUNG ARCHITECTS ; comprising Advice to 
those who, while yet at school, are destined to the Profession ; to 
such as, having passed their pupilage, are about to travel ; and to 
those who, having completed their education, are about to practise. 
By George Wightwick, Architect, Author of "The Palace of 
Architecture," &c. &c Second Edition. With numerous Wood- 
cuts. 8vo, 7^., extra cloth. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT m ARCHITECTURE. 
By George Pyne, Author of a ** Rudimentary Treatise on Per- 
spective for Beginners." With 14 Plates, 4to, 7j. 6</., boards. 

Contents. — I. Practical Rules on Drawing — Outlines. II. Ditto— the Grecian 
and Roman Orders. III. Practical Rules on Drawing — Perspective. IV. Practical 
Rules on Light and Shade. V. Practical Rules on Colour, &c. &c. 

I 

Cottages, Villas, and Country Houses. 

DESIGNS and EXAMPLES of COTTAGES, VILLAS, and 
COUNTRY HOUSES; being the Studies of several eminent 
Architects and" Builders ; consisting of Plans, Elevations, and Per- 
/ spective Views; with approximate Estimates of the Cost of eadu 
In 4to, with 67 plates, price i/. u., cloth. 

Wealds Builder s and Contractor's Price Book. 

THE BUILDER'S AND CONTRACTOR'S PRICE BOOK 
(LocKWOOD & Co.'s, formerly Weale's). Published Annually. 
Containing Prices for Work in all branches of the Building Trade, 
with Items numbered for easy reference, and an Appendix of 
Tables, Notes, and Memoranda, arranged to afford detailed infor- 
mation, commonly required in preparing Estimates, &c. Originally 
Edited by the late Geo. R. Burnell, C.E., &c. i2mo, 4^., cloth. 

" A multitudinous variety of useful information for builders and contractors 

With its aid the prices for all work connected with the building trade may be t!S,yi\- 
TcaX'eA."— Building News. 

*' Carefully revised, admirably arranged, and clearly printed, it oflfers at a glance a 
ready method of preparing an estimate or specification upon a basis that is unquestion- 
able. A reliable book of reference in the event of a dispute between employer and 
employed." — Engineer. 

'* Well done and reliable. It is the duty of a just critic to point out where any 
improvement can be made in any work, but Mr. Burnell has anticipated all objections 
in his clearly-printed book. We therefore recommend it to all branches of the pro- 
fession." — English Mechanic. 

** Mr. Burnell has omitted nothing from this work that could tend to render it 
valuable to the builder or contractor.' — Mechanic's Magazine. 

" It must find its place on the table of every civil engineer, builder, and contractor, 
as a standard work of reference." — Artizan. 

** Well done and reliable. It is the duty of a just critic to i>oint out where any 
improvement can be made in any work, but Mr. Burnell has anticipated all objections 
in nis clearly printed book. We therefore recommend it to all branches cH the 
profession." — English Mechanic. 
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Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS ; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. Preceded by a Preliminary Essay, and 
Skeletons of Specifications and Contracts, &c., &c., and explained 
by numerous Lithograph Plates and Woodcuts. By Professor 
Thomas L. Donaldson, President of the Royal Institute of British 
Architects, Professor of Architecture and Construction, University 
College, London, M.I.B.A., Member of the various European 
Academies of the Fine Arts. With A Review of the Law of 
Contracts, and of the Responsibilities of Architects, Engineers, 
and Builders. By W. Cunningham Glen, Barrister-at-Law, of 
the Middle Temple. 2 vols., 8vo, with upwards of 1 100 pp. of 
text, and 33 Lithographic Plates, cloth, 2/. zs, 

" In these two volumes of 1,100 Pf^es (together), forty-four specifications of executed 
works are given, including the specifications for parts of the new Houses of Parliament, 
by Sir Charles Barry, and for the new Royal Exchange, by Mr. Tite, M.P. The 
latter, in particular, is a very complete and remarkable document It embodies, to a 
great extent, as Mr. Donaldson mentions, ' die bill of quantities, with the description 
of the works,' and occupies more than 100 printed paees. 

"Amongst the other known buildings, the specifications of which are given, are 
the Wiltshire Lunatic Asylum (Wyatt and Brandon) ; Tothill Fields Prison (R. Abra- 
ham) ; the City Prison, HoUoway (Bunnine) ; the High School, Edinburgh (Hamilton) ; 
Clothworkers' Hall, London (Angel) ; Wellington College, Sandhurst (J. Shaw) ; 
Houses in Grosvenor Square, and elsewhere ; St. George's Church, Doncaster 
(Scott)^ ; several works of smaller size by the Author, including Messrs. Shaw's Ware- 
house in Fetter Lane, a very successful elevation ; the Newcastle-upon-Tyne Railway 
Station (J. Dobson) ; new Westminster Bridge (Page) ; the High Level Bridge, New- 
castle (R. Stephenson) ; various works on the Great Northern Railway (Brydone) ; 
and one French specification for Houses In the Rue de Rivoli, Paris (MM. Armand„ 
HittorfT, Pellechet, and Rohault de Fleury, architects). The last is a very elaborate 
composition, occupying seventy pages. The majority of the specifications have illus- 
trations in the shape of elevations and plans. 

"We are most glad to have the present work. It is valuable as a record, and more 
valuable still as a book of precedents. 

" About 140 pages of the second volume are appro|>riated to an exposition of the 
law in relation to die legal liabilities of engineers, architects, contractors, and builders, 
by Mr. W. Cunningham Glen, Barrister-at-law ; intended rather for those persons 
than for the legal practitioner. Suffice it, in conclusion^ to say in words what our 
readers will have gathered for themselves from the particulars we have given, that 
Donaldson's Handbook of Specifications must be bought by all architects." — Builder. 



Mechanical Engineering, 



A PRACTICAL TREATISE ON MECHANICAL ENGI- 
NEERING : comprising Metallurgy, Moulding, Casting, Forging, 
Tools, Workshop Machinery, Mechanical Manipulation, Manufac- 
ture of the Steam Engine, &c. &c. With an Appendix on the 
Analysis of Iron and Iron Ore, and Glossary of Terms. By Francis 
Campin, C.E. Illustrated with 91 Woodcuts and 28 Plates of 
Slotting, Shaping, Drilling, Punching, .Shearing, and Riveting 
Machines — Blast, Refining, and Reverberatory Furnaces — Steam 
Engines, Governors, Boilers, Locomotives, &c. Demy 8vQ^c.\a.^.» 
price \25, 
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Grantham s Iron Ship-Building y enlarged. 

ON IRON SHIP-BUILDING ; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged ixoxn 24 to 40 
Plates (21 quite new), including the latest Examples. . Together 
with separate Text, 'i2mo, cloth limp, also considerably enlarged, 
By John Grantham, M. Inst. C.E., &c Price 2/. 2j, complete. 

Description of Plates. 



z. 

3. 

3- 



4« 
5. 

6. 



8. 



xo. 



XX. 
>2. 



IS. 
150. 



Hollow and Bar Keels, Stem and 
Stem Posts. [Pieces. 

Side Frames, Floorings, and Bilge 

Floorings r<7»/<n»»/— Keelsons,Deck 
Beams, Gunwales, and Stringers. 

Gimwales continued — Lower Decks, 
and Orlop Beams. 

Gunwales and Deck Beam Iron. 

Angle-Iron, T Iron, Z Iron, Bulb 
Iron, as Rolled for Building. 

Rivets, shown in section, natui^al si2e ; 
Flush and Larmed Joints, with 
Single and Double Riveting. 

Plating, three plans ; Bulkheads and 
Mo(MS of Securing them. 

Iron Masts, with Longitudinal and 
Transverse Sections. 

Sliding Keel, Water Ballast,Moulding 
the Frames in Iron Ship Building, 
Levelling Plates. 

Longitudinal Section, and Half- 
breadth Deck Plan of Large Vessels 
on a reduced Scale. 

Midship Sections of Three Vessels. 

Large J^essel, showing Details — Fore 
End in Section, and End View, 
with Stem Post, Crutches, &c. 

Large K«jtf /,showing Details — -After 
End in Section, with End \^ew. 
Stem Frame for Screw, and Rudder. 

Lar^e ^Vjj*/, showing Details— iJ/w/- 
shtp Sectiony half breadth. 

Machines for Punching and Shearing 
Plates and Angle-Iron, and for 
Bending Plates ; Rivet Hearth. 

Beam-Bending Machine, Indepen- 
dent Shearing, Punching and Angle- 
Iron Machine. 



15^. Double X^ver Punching and Shearing 
Machine, arranged for cutting 
Angle and T Iron, with Dividing 
Table and Engine. 

x6. Machines. — Garforth's Rivetixi^ Ma- 
chine, Drilling and Counter-Smking 
Machine. 

z6a. Plate Planing Machine. 

17. Air Furnace for Heatine Plates and 
Angle- Iron : Various Tbols used in 
Riveting and Plating. 

x8. Gunwale ; Keel and Flooring ; Plan 
for Sheathing with Copper. 

1 8a. Grantham's Improved Pkm of Sheath- 
ing Iron Ships with Copper. 

19. Illustrations of the Magnetic Condi- 

tion of various Iron Ships. 

20. Gray's Floating Compass and Bin- 

nacle, with Adjusting Magnets, ■%lc 
2x. Corroded Iron Bolt in Frame of 

Wooden Ship ; Jointing Plates. 
22-4. Great Eastern — Longitudinal Sec- 
tions and Half-breadth Plans — ^Mid- 
ship Section, with Details — Section 
in Engine Room, and Paddle Boxes. 
25-6. Paddle Steam Vessel of SteeL 
27. Scarbrough — Paddle Vessel of Stoel. 
28-9. Propos^ Passenger Steamer. 



30- 
31. 

32. 

33. 

34. 

35- 



Persian — Iron Screw Steamer. 
Midship Section of H.M. Steam 

Frigate, Warrior. 
Midship Section of H.M. Steam 

Frigate, Hercules. 
Stem, Stem, and Rudder of H.M. 

Steam Fric^te, Bellerophon. 
Midship Section of H.M. Troop Shq), 

Serapis. 
Iron Floating Dock. 



'* An enlarged edition of an elaborately illustrated work." — Builder, July xx, 1868. 



ft < 



This edition of Mr. Grantham's work has been enlarged and Improved, both with 
respect to the text and the engravings being brought down to the present period. . . . 
The practical operations required in producmg a ship are described and illustrated with 
care and precision." — Mechanics* Magazine, July 17, 1868. 

*' A thoroughly practical work, and every question of the many in relation to iron 
shipping which admit of diversity of opinion, or have various and conflicting personal 
interests attached to them, is treated with sober and impartial wisdom and jp^ood sense. 
. . . . As good a volume for the instruction of the pupil or student of iron naval 
architecture as can be fotmd in any language." — Practiced Mechanic** Jottmal, 
August, x868. 

"A.very elaborate work. . . . It forms a most valuable addition to the history 

•f iron shipbuilding, while its having been preptared by one who has made the subject 

his study for many years, and whose qualifications have been repeatedly recognised, 

will recommend it as one of practical utility to all interested in shipbuUduis.''— u<m«x 

a^u/Aiivjf GazeUe, July xi, x868. 
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CARPENTRY, TIMBER, &c. 

4 

TredgolcPs Carpentry y new & enlarged Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materisds, &c. By Thomas Tredgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates (i i of which now first appear 
in this edition). Portrait of the Author, and several Woodcuts. In 
I large vol., 4to, 2/. 25, extra cloth. [Recently published. 

" * Tredgold's Carpentry* ought to be in every architect's and every builder's 
library, and those who do not already possess it ought to avail themselves of the new 
issue.- — Builder^ April 9, 1870. 

giA work whose monumental excellence must commend it wherever skilful car- 
pentry is concerned. The Author's principles are rather confirmed than impaired by 
time, and, as now presented, combine the siu'est base with the most interesting display 
of progressive science. The additional plates are of great intrinsic value." — Buildmg 
NewSy Feb. 25, xSyo. 

" 'Tredgold's Carpentry' has ever held a high position, and the issue of the fiifth 
edition, in a still more improved and enlari^ed form, will ^ve satisfaction to a very 
large number of artisans who desire to raise themselves m their business, and who 
seek to do so by displaying a greater amount of knowledge and intelligence than their 
fellow-workmen, it is as complete a work as need be desired. To the superior 
workman ^e volume will prove invaluable ; it contains treatises written in language 
whidh he will readily comprehend." — Mining Journal^ Feb, 12, 1870. 

Grandys Timber Tables, 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 
and BUILDER'S STANDARD GUIDE. By Richard E. 
Grandy. Comprising : — An Analysis of Deal Standards, Home 
and Foreign, with comparative Values and Tabular Arrangements 
for Fixing Nett Landed Cost on Baltic and North American Deals, 
including all intermediate Expenses, Freight, Insurance, Duty, &c, 
&c. ; together with Copious Information for the Retailer and 
Builder. i2mo, price 7j. (yd, doth. 



" Everydiing it pretends to be : built up gradually, it leads one from a forest to a 

ight, a host of material concerning ' " " . 
cisterns, &c. — all that the class to whom it appeals requires." — English Mechanic. 



trenail, and throws in, as a makeweight, a host of material concerning bricks, columns, 



" The only difficulty we have is as to what is not in its pages. What we have tested 
of the contents, taken at random, is invariably correct." — Illustrated Builder' sJoumaL 

Tables for Packing-Case Makers, 

PACKING-CASE TABLES; showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. Compiled by William Richardson, Accountant. 
Oblong 4to, cloth, price 3^. (id, 
"Will save much labour and calculation to packing-case TD3a!iMa%«A^«*«.'«J^^^3aR. 
packing-cases."— <?nv<r. '* Invaluable Vabour-^Vai^ \a^Afe%:* — Ir<mt»umg,er . 
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Nicholsoris Carpenters Gtiide, 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. u. cloth. 

Dowsing' s Timber Merchant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, and the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred ; the Price per Cube Foot of Square Timber to any given 
Price per Load of 50 Feet ; the proportionate Value of Deals and 
Battens by the Standard, to Square Timber by the Load of 50 Feet ; 
the readiest mode of ascertaining the Price of Scantling per Lineal 
Foot of any size, to any given Figure per Cube Foot. Also a 
variety of other valuable information. By William Dowsing, 
Timber Merchant. Second Edition. Crown 8vo, 3J. cloth. 

*' Everything is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess it,because such possession 
would, with use, unquestionably save a very great deal of time, and, mpreover, ensure 
perfect accuracy in calculations. There is also another class besides diese who ought 
to possess it ; we mean all persons engaged in carrying wood, where it is requisite to 
ascertain its weight. Mr. Dowsing's tables provide an easy means of domg tlus. 
Indeed every person who has to do with wood ought to have it." — Hull Advertiser, 



MECHANICS, &c. 



^Mechanic s Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT ; comprising a great variety of the most 
useful Rules in Mechanical Science ; with numerous Tables of Prac- 
tical Data and Calculated Results. By W. Templeton, Author 
of **The Engineer's, Millwright's, and Machinist's Practical As-, 
sistant." Tenth Edition, with Mechanical Tables for Operative 
Smiths, Millwrights, Engineers, &c. ; together with several Useful 
and Practical Rules in Hydraulics and Hydrodynamics, a variety 
of Experimental Results, and an Extensive Table of Powers and 
Roots. II Plates. i2mo, 5 J. bound. [Just published, 

" As a text-book of reference, in which mechanical and commercial demands are 
judiciously met, Tkmpleton's Companion stands unrivalled. "* — Mechanic^ Magaxitu. 

" Admirably adapted to the wants of a very Ibt^c class. It has met with great 
success in the enginecnng woricshop, as we can testify ; and there are a great many 
uen who, in a grcsit measure, owe their rise in life lo tiaa \\V.\\e vroxV* — Bwiktin^ Newt. 
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Engineers Assistant. 



THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprising a CoUection of Useful 
Tables, Rules, and Data. Compiled and Arranged, with Original 
Matter, by W. Templeton. 4th Edition. i8mo, 2J.6<^. cloth. 

I' So much varied information compressed into so small a space, and published at a 
price which places it within the reach of die humblest mechanic, cannot fail to com- 
mand the sale which it deserves. With the utmost confidence we commend this book 
to the attention of our readers." — Mechanics* Magazine. 

" Every mechanic should become the possessor of the volume, and a more suitable 
present to an apprentice to any of the mechanical trades could not possibly be made." 
— Building News. 

Designing, Measuring, and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE of ME A- 
SURING, and VALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the res- 
pective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and several useful Tables for facilitating Calculations and 
Measurements. By E. Wyndham Tarn, M.A., Architect. 8vo, 
lor. dd. cloth. {Just published, 

** Thi^ useful book should be in every architect's and builder's office. It contains 
a vast amount of information absolutely necessary to be known." — The I risk Builder. 

" The book is well worthy the attention of the student in architecture and surveying, 
as by the careful study of it his progress in his profession will be much facilitated."— 
Mining Joumaly Feb. 11, 1871. , 

" We have failed to discover anything connected with the building trade, from ex- 
cavating foundations to bell-hangmg, ^t is not fully treated upon in this valuable 
work." — The Artizan^ March, 1871. ^ 

" Mr. Tarn has well performed the task imposed upon him, and has made many 
further and valuable additions, embodying a large amount of information relating to 
the technicalities and modes of construction employed in the several branches of the 

building trade From the extent of the information which the volume 

embodies, and the care taken to secure accuracy in every detail, it cannot fail to prove 
of the highest value to students, whether training in the offices of provincial surveyors, 
or in those of London practitioners." — Colliery Guardian^ February loth, 1871. 

** Altogether the book is one which well fulfils the promise of its title-pa£[e, and we 
can thoroughly recommend it to the class for whose use it has been compiled. Mr. 
Tarn's additions and revisions have much increased the usefulness of the work, and 
have especially augmented its value to students. Finally, it is only just to the pub- 
lishers to add that the book has been got up in excellent style, the ty^pgraphy being 
bold and clear, and the plates very well Qxecutcd."^£ ngineering, March 24, 1871. 

Stiperficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from I to 200 inches in length, 
by I to 108 inches in breadth. For the use of Architects, Siirve.'^<y«.^ 
Engineers, Timber Merchants, BuMeis, &.C, "V*^ ^kskxs. ^©.k:*^- 
KiUGS, Fcp. 3J. (}d. cloth. 
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MATHEMATICS, &c. 

» 

Gregory s Practical Mathematics, 

MATHEMATICS for PRACTICAL MEN ; being a Conunon- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general, 
^tatics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
copious Logarithmic and other Tables. By Olinthus Gregory, 
LL. D. , F.R. A. S. Enlarged by Henry Law, C. E. 4th Edition, 
carefully revised and corrected by J. R. Young, formerly Profes- 
sor of Mathematics, Belfast College ; Author of ** A Course of 
Mathematics," &c. With 13 Plates. Medium 8vo, i/. is, doth. 

*' As a standard work on mathematics it has not been excelled.** — Artizan, 

" The engineer or architect will here find read]^ to his hand, rules for solving nearly 
every mathematical diifficulty that may arise in ms practice. As a moderate acquaint- 
ance with arithmetic, algebra, and elementary geometrjr is absolutely necessary to the 
proper understanding of the most useful portions of this book, the author .very wisely 
has devote Uie first three chapters to those subjects, so that the most ignorant may be 
enabled to master the whole of the book, without aid from any other. The rules are in 
all cases explained by means of examples, in which every step of the process is clearly 
worked out." — Builder. 

'* One of the most serviceable books to the practical mechanics of the country. . 
The edition of 1847 was fortunately entrusted to the able hands of Mr. Law, who 
revised it thoroughly, re-wrote many chapters, and added several sections to those 
which had been rendered imperfect by advanced knowledge. On examining the various 
and many improvements which he introduced into the work, they seem sumost like a 
new structure on an old plan, or rather like the restoration of an old ruin, not only to 
its former substance, but to an extent which meets the larger requirements of mooem 

times In the edition just brought out, the work has again been revised by 

Professor Yoimg. He has modernised the notation throughout, introduced a few 

Paragraphs here and there, and corrected the numerous t^ographical errors which 
ave escaped the eyes of the former Editor. The book is now as complete as it is 
fiossible to make it We have carried our notice of this book to a greater 
ength than the space allowed us justified, but the experiments it contains are so 
interesting, and the method of describing them so clear, that we may be excused for 
overstepping our limit. It is an instructive book for the student, and a Text- 
book for him who having once mastered the subjects it treats of, needs occasionally to 
refresh his memory upon them." — Building News, 

The Metric System, 

A SERIES OF METRIC TABLES,* in which the British 
Standard Measures and Weights are compared with those' of the 
Metric System at present in use on the Continent. By C. H. 
DowLiNG, C. E. 8vo, loj. 6^. strongly bound. 

" Mr. Bowling's Tables, which are well put together, come just in time as a ready 
reckoner for the conversion of one system into the other." — AthetuButn. 

" Their accuracy has been certified by Professor Airy, the Astronomer Royal."— 
Builder. 

** Resolution 8. — ^That advantage will be derived from the recent publication of 
JIfetnc Tables, byC. H. Dowliag.C.K"— Report of Section F^BridsAAssvciatum, 
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InwoocTs Tables^ greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c., and for the 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies ; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
Presentations, &c., together with Smart's Five Tables of Compound 
Interest, and an Extension of the same to lower and Intermediate 
Rates. By William Inwood, Architect. The i8th edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more difficult Computations of the Interest of Money, Dis- 
count, Annuities, &c., by M. F6dor Thoman, of the Societe 
Cr^it Mobllier of Paris. i2mo, &r. cloth. 

%* This edition {the i%th) differs in many important particulars 
from former ones. The changes consist^ first, in a more convenient 
and systematic arrangement of the original Tables^ and in the removed 
of certain numerical errors which a very careful revision of the whole 
has enabled the present editor to discover; and secondly, in the 
extension of practical utility conferred on the work by the introduction 
of Tables now inserted for the first time. This new and important 
matter is all so much actually added to Inwood's Tables ; nothing 
has been abstracted from the original collection: so that those who have 
been long in the habit of consulting In WOOD for any special profes- 
sional purpose willy as heretofore^ find the information sought still in 
its pages, 

" Those interested in the purchase and sale of estates, and in the adjustment of 
compensation cases, as well as in transactions in annuities, life insiu'ances, &c., will 
find the present edition of eminent sKtwvcx."'^EHgineering. 

"More than half a century has elapsed since the first edition was published, yet 
' Inwood's Tables' still maintain a most enviable reputation ; and when it is considered 
that the new issue, the Eighteenth edition, has been enriched by large additional 
contributions by Mr. F^dor Thoman, of the French Credit Mobilier, whose carefully 
arranged tables of log^thms for the more difficult computations of the interest of 
money, discount, annuities, &c., cannot fail to be of the utmost utility, its value will 
be appreciated. The introduction contains an admiraUe epitome of the principles of 
decimals, and an explanation of all that is necessary to render the elaborate tables in 
the book of thoron^^h utility to all consulting it. This new edition will certainly be 
referred to widi quite as much confidence as its predecessors." — Mining Jounuu, 

Compound Interest and Annuities, 

THEORY of COMPOUND INTEREST and ANNtJiTIES ; 
with Tables of L<^rithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. "With an elaborate Intro- 
duction. By FfeDOR Thoman, of the Soci^t^ Credit Mobilier, 
Paris. i2mo, cloth, 5^. * 

" A very powerful work, and the Author has a very remarkable command of his 
subject." — Professor A. de Morgan. 

" No banker, merchant, tradesman, or man of business, ought to be without Mr. 
Thoman's truly * handy-book.' "—iPrtfftfw. 

" The author of this ' handy-book ' deserves our dcaxiks.*^ — Insurance 0«Mt\e« 

" We tecoxaoicoA. \t to the notice of actuax\e& «ad acco>xa\axA&^^ — AiKenonKm. 
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SCIENCE AND ART. 



The Military Sciences. 

AIDE-M£M0IRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
. Royal Engineers. Second Edition, most carefully revised by an 
Officer of the Corps, with many additions ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vols, royal 8vo, extra 
cloth boards, and lettered, price 4/. icxr. 

*' A compendious encyclopaedia of military knowledge, to which we are greatly in- 
debted." — Edinburgh Keview. 

** The most comprehensive work of reference to the military and collateral sdences. 
Among the list of contributors, some seventh-seven in number, will be found names of 
the highest distinction in the services. . . . The work claims and possesses the great 
merit that by far the larger portion of its subjects have been treated originally by the 
practical men who have been its contributors. — Volunteer Service Gazette, 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY, MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the Royal Military Academy, Woolwich. Sixth 
Edition, crown 8vo, cloth, with separate Atlas of 12 Plates, sewed, 
price I2J. complete. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE- WARES : their 

Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Dry Salters, Brokers, &c. By J. 
W. Slater. Post 8vo, cloth, price 7j. (xl, [Recently publiskiL 

** Essentially a manual for poractical men, and precisely such a book as practical 
men will appreciate." — Sdentific Review. 

** A complete encyclopaedia of the materia tinctoria. The information given 
respecting each article is full and precise, and the methods of determining the value 
of articles such as these, so liable to sophistication, are given with clearness, and are 
practical as well as valuable. "-^C^mw^ and Druggist, 

Electricity. 

A MANUAL of ELECTRICITY ; including Galvanism, Mag- 
netism, Diamagnetism, Electro -Dynamics, Magno- Electricity, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S., 
Lecturer on Chemistry at St. George's Hospital. Fourth Edition, 
entirely rewritten. Illustrated by 5CX) Woodcuts. 8vo, i/. 4^. cloth. 

'* This publication fully bears out its title of ' Manual.' It discusses in a satisfactory 
manner electricity, frictional and voltaic, thermo-electricity, and electro-physiology. 
•—Athenceutn. 

*' The commendations already bestowed in the pages of the Lancet on the foniier 
editions of this work are more than ever merited by the present The accounte given 
of electricity and gsdvanism are not only complete m a scientific sense, but, which is a 
Ku-er thing, are popular and interesting." — Lancet, 
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Text-Book of Electricity. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY: in- 
eluding Magnetism, Voltaic Electricity, Electro- Magnetism, Dia- 
"magnetism. Magneto- Electricity, Thermo-Electricity, and Electric 
Telegraphy. Being a Condensed Resume of the Theory and Ap- 
plication of Electrical Science, including its latest Practical Deve- 
lopments, particularly as relating to Aerial and Submarine Tele- 
graphy. By Henry M. Noad, Ph.D., Lecturer on Chemistry at 
St. George's Hospital. Post 8vo, 4CX) Illustrations, \2s. 6d, cloth. 
%* In carrying out the design of this work, the author has availed 
himself both of the matter {in a condensed form) and of the illustrations 
of his ** Manual of Electricity;" but the present volume will be found 
to contain, much additional and important information, {with many 
new illustrations, ) which has become available since the publication 
of his larger work, 

*' We can recommend Dr. Noad's book for clear style, great range of subject, a goM 
index, and a plethora of woodcuts. Such collections as the present are indispensable." 
— Athenetum, 

** A most elaborate compilation of the facts of electricity and magnetism, and of the 
theories which have been advanced concerning them." — Popular Scie>tce Review. 

" Clear, compendious, compact, well iHustrated, and well printed, this is an exoel- 
lent manual." — Lancet. 

'* We can strongly recommend the work, as an admirable text-book, to every student 
—beginner or advanced — of electricity." — Engineering. 

** The most complete manual on the subject of electricity to be met -wixix**— Observer, 

*' Nothing of value has been passed over, and nothing given but what will lead to a 
correct, and even an exact, knowledge of the present state of electrical science." — 
Mechanic^ Magazine. 

** We know of no book on electricity containing so much information on experi- 
mental facts as this does, for the size of it, and no book of any size that contains so ' 
complete a range of facts." — English Mechanic. 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of ** Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
"Treatise of Chemical Analysis." Illustrated with Woodcuts. 
Second and cheaper Edition, post 8vo, 9J. cloth. 

** We recommend this book to the careful perusal of every one ; it may be truly 
affirmed to be of universal interest, and we strongly recommend it to our readers as a 
guide, alike indispensable to the housewife as to the pharmaceutical practitioner." — 
Medical Times. 

" A volume of surpassing interest, in which the Author describes the character and 
properties of 400 different articles of^ commerce, the substances by which they are too 
frequently adulterated, and the means of their detection." — Mining Journal. 

"The very best work on the subject the English press has yet produced."— Jfif- 
chanicjf Magazine. ^ 

Practical Philosophy. 

A SYNOPSIS of PRACTICAL PHILOSOPHY. By the Rev. 
John Carr, M.A., late Fellow of Trin. Coll., Cambridge, SecwsA 
Edition. i8mo, 5j. cloth. 
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Science and A rt. 

THE YEAR-BOOK of FACTS in SCIENCE and ART ; ex- 
hibiting the most important Improvements and Discoveries of the 
Past Year in Mechanics and the Useful Arts, Natural Philosophy, 
Electricity, Chemistry, Zoology and Botany, Geology and Mine- 
ralogy, Meteorology and Astronomy. By John Times, F.S.A., 
Author of "Curiosities of Science," "Things not Generally 
Known," &c. With Steel Portrait and Vignette. Fcap. 5j. cloth. 

%* T^is work, publisk&i annually, records the proceedings of the 
principal scientific societies, and is indispenscAle to all who wish to 
possess a faithful record of the IcUest novelties in science and the arts. 

The back Volumes, from 1861 to 1870, each containing a Steel 
Portrait, and an extra Volume for 1862, with Photograph, may still 
be had, price 5^. each. 

" Persons who wish for a concise annual summary of important scientific events will 
find their desire in tHe 'Year Book of Facts.' " — Athetutum. 

" The standard work of its class. Mr. Timbs's ' Year Book ' is always full of sugges- 
tive and interesting matter, and is an excellent risutni of the year's progress in the 
sciences and the arts." — Builder. 

" A correct exponent of scientific pro^;ress .... a record of abiding interest If 
anyone wishes to know what progress science has made, or what has been done in any 
branch. of art during the past year, he has only to turn to Mr. Timbs's pages, and 
is sure to obtain the required information." — Mechanic^ Magazine. 

** An invaluable compendium of scientific progress for which the public are indebted 
to the untiring energy of Mr. Timbs." — Atlas. 

" There is not a more usefiil or more interestingcompilation than the 'Year Book of 
Facts.' . . . The discrimination with which Mr. Timbs selects his facts, and the admi- 
rable manner in which he condenses into a comparatively short space all the salient 
features of the matters which he places on record, are deserving of great praise."— 
Railway News. 



Science and Scripture. 



SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— i. 
Alleged Discrepancies ; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso : The Supematurally Impossible ; 6. • The 
Age of the Fixed Stars — their Distances and Masses. By Professor 
J. R. Young, Author of " A Course of Elementary Mathematics," 
&c. &c. Fcap. 8vo, price 5^. cloth lettered. 

" Professor Young's examination of the early verses of Genesis, in connection with 
modem scientific hypotheses, is excellent." — English Ckurchman. 

" Distinguished by the true spirit of scientific inquiry, by great knowledge, by keen 
logical abiuty, and by a style peculiarly clear, easy, and energetic." — Nonconf&rmiit, 

" No one can rise from its perusal without being impressed with a sense of the sin- 
gular weakness of modem scepticism."— j9a//i!r/ Magazine. 

" The author has displayed considerable learning and critical acumen in combating 
the objections alluded to The volume is one of considerable value, inas- 
much as it contains much sound thought, and is calculated to assist the reader to dis- 
criminate truth from error, at least so far as a finite mind is able to separate them. 
The work, therefcA'e, must be considered to be a valuable contribution to controvexsial 
tbeoJogicsd IItersitiirc"—Citj^ Press, 
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Geology and Genesis Harmonised. 

THE TWIN RECORDS of CREATION; or, Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor Le Vaux. With numerous Illustrations. 
Fcap. 8vo, price 5^. cloth. 

" We can recomtaiend Mr. Le Vaux as an able and interesting guide to a popular 
appreciation of geological science." — Spectator. 

"The author combines an unbounded admiration of science with an unbounded 
admiration of the Written Record. The two impulses are balanced to a nicety ; and 
the consequence is, that difficulties, which to minds less evenly poised, would be 
serious, find immediate solutions of the happiest kinds." — London Review. 

** Mr. Le Vaux very feasibly reconciles the two records." — Builder. 

"A most instructive and readable book. We welcome this volume as aiding in a 
most important discj^ssion, and commend it to those interested in the subject." — 
Evangelical Magazifie. 

** Vigorously written, reverent in spirit, stored with instructive geological facts, and 
designed to show that there is no discrepancy or inconsistency between the Word and 
the works of the Creator. The future of Nature, in connexion with the glorious destiny 
of man, is vividly conceived." — Watchman, 

** A valuable contribution to the evidences of Revelation, and disposes very con- 
clusively of the arguments of those who would set God's works against God's Word. 
No real difficulty is shirked, and no sophistry is left imexposed." — TAe Hock. 

Wood-Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, price 2s. 6d. 

"The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
from * A Lady's * publication." — Athenautn. 

** A real practical guide. It is very complete."— Z//^«iry Churchtnan. 

" The directions given are plain and easily understood, and it forms a very good 
introduction to the practical part of the carver's art." — English Mechanic. 

" The writer of the little treatise before us deals very plainly and practically with 

her subject The illustrations are admirably drawn, nearly all the patterns being 

remarkable for their graceful ornamentation. We can confidently recommend die 
book to amateur wood-carvers." — Young Englishwoman. 



Popular Work on Painting. 



PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art By Thomas John Gullick, 
Painter, and John Timbs, F.S.A. Second Edition, revised and 
enlarged. With Frontispiece and Vignette. In small 8vo, dr. cloth. 

%* This Work has been adopted as a Prize-book in the Schools 
of Art at South Kensington. 

" A Work that may be advanta^usly consulted. Much may be learned, even by- 
hose who fancy they do not require to b^ taught, from the careful perusal of this 
unpretending but comprehensive treatise." — Art Journal. 

" A valuable book, which supplies a want. It contains a large amount of original 
mattte, agreeably cdnveyed, and will be found of value, as well by the young artist 
seeking information as by the general reader. We ^ve a cordial welcome to the book, 
and augur for it an increasing reputation." — Buildtr. * 

" This volume is one that we can heartUjr recommend to all who are destcQu& o^l 
uBder9taadiflg> what they admire in a good i>ainting.'*-^i7aify Nrois. 
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Delamotte's Works on Illumination & Alphabets, 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
MOTTE. Small 4to, price 9^. Elegantly bound, cloth antique. 

"A handy book, beautifully illustrated ; the text of which is well written, and cal- 
culated to be usefuL . . . The examples of ancient MSS. recommended to the student, 
which, with much good sense, the author chooses from collections accessible to all, are 
selected with judgment and knowledge, as well as taste." — Athemeum. 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIEVAL ; 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Text, large and small, German, Italian, Arabesque, Initials 
for Illumination, Monograms, Crosses, &c. &c., for the use of 
Architectural and Engineering Draughtsmen, Missal Painters, 
Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c. &c. &c. Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 41. cloth, 

"A well-known engraver and draughtsman has enrolled in this useful book the 
result of many years* study and research. For those who insert enamelled sentences 
round gilded chalices, who blazon shop legends over shop-doors, who letter church 
walls with pithy sentences from the Decalogue, this book wul be useful." — Atheneeum. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque ; with several Original 
Designs, and an Analysis of the Roman and Old English Alpha- 
bets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Paihters, Lithographers, Engravers, 
Carvers, &c Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 4^. cloth. 

*' To artists of all classes, but more especially to architects and engravers, this very 
handsome book will be invaluable. There is comprised in it every possible shape into 
which the letters of the alphabet and numerals can be formed, and the talent whidi 
has been expended in the conception of the various plain and ornamental letters is 
wonderful. "* -Standard. 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte, Illuminator, Designer, and 
Engraver on Wood. Containing 21 Plates, and Illuminated Title, 
printed in Gold and Colours. With an Introduction by J. Willis 
Brooks. Small 4to, 6j. cloth gilt. 

*' A volume in which the letters of the alphabet come forth glorified in gilding and 
all the colours of the prism interwoven and intertwined and intermingled, sometimes 
with a sort of rainbow arabesque. A poem emblazoned in these characters would be 
only comparable to one of those delicious love letters symbolized in a bunch of flowers 
well selected and cleverly arranged." — Sun. 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal 8vo, zs, 6cl, in ornamental boards. 
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AGRICULTURE, &c. 



Yoiiatt and Burris Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt,' Esq., V.S. nth Edition, enlarged by 
Robert Scott Burn, Author of "The Lessons of My Farm," &c 
One large 8vo volume, 784pp. with 215 Illustrations, i/. \s. half-bd. 



CONTENTS. 



On the Breedings Rearing^ Fattening^ 
and General Management ^Neat Cattle. 
— Introductory View of the different Breeds 
of Neat Cattle in Great Britain. — Com- 
parative View of the different Breeds of 
Neat Catde. — General Observations on 
Btmng and Stocking a Farm with Cattle. 
—The Bull— The Cow.— Treatment and 
Rearing of Calves. — Feedmg of Calves for 
Veal. — Steers and Draught Oxen. — Graz- 
ing Catde. — Summer Soiling Cattle.*— 
Winter Box and Stall-feeding Cattle.— 
Artificial Food for Catde. — Preparation 
of Food.— Sale of Catde. 

On the Ectmomy and Management of 
the Dairy. — Milch Kine.— Pasture and 
other Food best calculated for Cows, as 
it re^;ards their Milk. — Situation and 
Buildmgs proper for a Dairy, and the 
proper Dairy Utensils. — Management of 
MUk and Cream, and the Making and 
Preservation of Butter. — Making and Pre- 
servation of Cheese. — Produce of a Dairy. 
On the Breeding^ Rearing^ and Ma- 
nagement of Farm-horses. — Introductory 
and Comparative View of the different 
Breeds of Farm-horses. — Breeding Horses, 
Cart Stallions and Mares. — Rearing and 
Training of Colts. — ^Age, Qualifications, 
and Sale of Horses. — Maintenance and 
Labour of Farm-horses. — Comparative 
Merits of Draught Oxen ai\d Horses.— 
Asses and Mules. 

On the Breeding^ Rearing^ and Fat- 
tening of Sheep. — Introductory and Com- 
parative View of the different Breeds. — 
Merino, or Spanish Sheep. — Breeding and 
Management of Sheep. — Treatment and 
Rearing of House-lambs, Feeding of Sheep, 
Folding Sheep, Shearing of Sheep, &c. 

On the Breeding^ Rearing^ and Fat- 
teningqf Swine.— introductory and Com- 
parative View of the different Breeds of 
Swine. — Breeding and Rearing of Pigs. — 
Feeding and Fattening of Swine. — Curing 
Pork and Bacon. 



On the Diseases of Cattle.— "Diseases 
Incident to Catde. — Diseases of Calves. — 
Diseases of Horses. — Diseases of Sheep. — : 
Diseases of Lambs. — Diseases Incident to 
Swine. — Breeding and Rearing of Do- 
mestic Fowls, Pigeons, &:c.— Palmipedes, 
or Web-footed kinds. — Diseases of Fowls. 

On Farm Offices and Implements of 
Husbandry. — The Farm-house, the Farm- 
yard, and its Offices. — Construction of 
Ponds. — Farm Cottages. — Farm Imple- 
ments. — Steam Cultivation. — Sowing Ma- 
chines, and Manure Distributors. — Steam 
Engines, Thrashing Machines, Corn- 
dressing Machines, Mills, Bruising Ma- 
chines. 

On the Culture and Management of 
Grass Land. — Size and Shape of Fields.. 
— Fences. — Pasture Land. — Meadow 
Land.— Culture of Grass Land. — Hay- 
making. — Stacking Hay. — Impediments 
to the Scythe and the Eradication of 
Weeds.— Paring and Burning. — Draining. 
Irrigation. — Warpin|f. 

On the Cultivation and Application 
of Grasses, Pulse, and Roots. — Natural 
Grasses usually cultivated. — Artificial 
Grasses or Green Crops. — Grain and 
Pulse commonly cultivated for their 
Seeds, for their Straw, or for Green 
Forage. — Vegetables best calculated for 
Animal Food. — Qualities and Compara- 
tive Value of some Grasses and Roots as 
Food for Catde. 

On Manures in General, and their 
Amplication to Grass Land. — V^etable 
Manures. — Animal Manures. — Fossil and 
Mineral Manures.— Liquid or Fluid Ma- 
nures. — Composts. — Preservation of Ma- 
nures. — Application ofManures. — Flemish 
System of Manuring.— Farm Accounts, 
and Tables for Calculating Labour by the 
Acre, Rood, &c., and by the Day, Week, 
Month, &c. — Monthly Calendar of Work 
to be done throughout the Year. — Obser- 
vations on the Weather. — Index. 

** The standard, and text-book, with the farmer and grazier." — Farmer's Magazine. 

" A valuable repertory of intelligence for all who make agriculture a pursuit, and 
especially for those who aim at keeping pace with tfie improvements of the age." — 
BelVs Messenger. 

*' A treatise which will remain a standard work on the sub^ccl «& V»ia^ ^^'^x^snc^ 
agriculture endures." — Mark Lane E.vpress, 
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( 

Scoii Burn's Introduction to Farming. 

THE LESSONS of MY FARM ; a Book for Amateur Agricul- 
turists, being an Introduction to Farm Practice, in the Ctdture of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
and Pigs, and in the Keeping of Farm- work Records. By Robert 
Scott Burn, Editor of " The Year-Book of Agricultural Facts," 
&c. With numerous Illustrations. Fcp. 6j. cloth. 

"Amost complete introduction to the whole round of fanning practice." — yohn 
Bull. 

*' There are many hints in it which even old farmers need not be ashamed to 
accept.*' — Morning Herald. 

Tables for Land Valuers, 

THE LAND VALUER'S BEST ASSISTANT: being Tables, 
on a very much improved Plan, for Calculating the Value of 
Eilates. To which are added, Tables for reducing Scotch; Irish, 
and Provincial Customary Acres to Statute Measure ; also, Tables 
of Square Measure, and of the various Dimensions of an Acre in 
Perches and Yards, by which the Contents of any Plot of Ground 
may be ascertained without the expense of a regular Survey ; &c. 
By R. Hudson, Civil Engineer. New Edition, with Additioxis and 
Conections, price 4f. strongly bound. 

" This new edition includes tables for ascertaining the value of leases for'any term 
of years ; and for showing how to lay out plots of pround of certain acres in forms, 
s<iuare, round, &c., with valuable rules for ascertainmg the probable worth of standing 
timber to any amount ; and is of incalculable value to the country gentleman and pro- 
fessional man." — Farmet's youmal. 

The Laws of Mines and Mining Companies. . 

A PRACTICAL TREATISE on the LAW RELATING to 
MINES and MINING COMPANIES. By Whitton Arun- 
DELL, Attomey-at-Law. Crown 8vo. 4f. cloth. 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, HOUSE AGENT, 
and HOUSE BROKER'S POCKET ASSISTANT. By John 
Wheeler, Valuer. A new edition, much improved and ei^ai^gedf 
and entirely re-written. \In the Prasi 

The Civil Service Book-keeping. 

BOOK-KEEPING NO MYSTERY; its Prinpiples popularly ex- 
plained,, and the Theory of Double Entry analysed ; for the use of 
Young Men commencing Business, Examination Candidates,, and 
Students generally. By an Experienced Book-Keeper, late of 
H.M. Ci^ Service. Second Edition. Fcp. 8vo. price ,2^.' doth. 

*'A hook which brings the so-called mysteries within ^ comprdienflaaii. of thft ■ 
nmplest capacity."— kS'iuwitAa;^ Times. 



tt 



It is dear suid concise, and exactly sudi a tert4}0ttk av atud^als "Momk.!!-^ 
0Mr^fr7Fyypt/rHaiqfEduc4itiffn., 
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Text-Book for Architects y Engineers, Surveyors, 
Lanct Agents, Country Gentlemen, &c, 

A GENERAL TEXT-BOOK for ARCHITECTS, ENGI- 
NEERS, SURVEYORS, SOLICITORS, AUCTIONEERS, 
LAND AGENTS, and STEWARDS; in all their several and 
varied Professional Occupations ; and for the Assistance and 
Guidance of Country Gentlemen and others engaged in the Trans- 
fer, Management, or Improvement of Landed Property ; together 
with Examples of Villas and Country Houses. By Edward Ryde, 
Civil Engineer and Land Surveyor. To which are added several 
Chapters on Agriculture and Landed Property, by Professor 
Donaldson, Author of several works on Agriculture. With 
numerous Engravings, in one thick vol. 8vo, price i/. 8j. cloth. 



CONTENTS. 



Arithmetic 

Plane and Solid Geometry. 

Mensuration. 

Trigonometry, 

Conic Sections. 

Land Measuring. 

Land Surveying. 

Levelling. 

Plotting. 

Computation of Areas. 

Copying Maps. 

Railway Surveying. 

Colonial Surveying. 

Hydraulics in connection 

WITH Drainage, Sewerage, 

and Water Supply. 



Timber Measuring. 

Artificers' Work. 

Valuation of Estates. 

Valuation of Tillage and Tenant 

Right. 
Valuation op Parishes. 
Builders' Prices. 
Dilapidations and Nuisances. 
The Law relating to Appraisers and 

Auctioneers. 
Landlord and Tenant. 
Tables op Natural Sines and Co< 

sines; for Reducing Links into 

Feet, &c. &c. 
Stamp Laws. 
Examples op Villas, &c. 



To which are added Fourteen Chapters 
ON LANDED PROPERTY. By Professor Donaldson. 

Chap. I. — Landlord and Tenant : their Position and Connections. 

Chap. II. — Lease of Land, Conditions and Restrictions ; Choice of Tenant, 

and Assignation of the Deed. 
Chap. III.— Cultivation of Lsmd, and Rotation of Crops. 
Chap. IV.— Buildings necessary on Cultivated Lands : Dwelling-hotues, 

Farmeries, and Cottages for Labourers. 
Chap. V. — Laying out Farms, Roa<£, Fences, and Gates. 
Chap. VI.— Plantations, Young and Old Timber. 
Chap. VII. — Meadows and Embankments, Beds of Rivers, Water Courses, 

and Flooded Grounds. 
Chap. VIII. — Land Draining, Opened and Covered : Plan, Execution, aad 

Arrangement between Landlord and Tenant. 
Chap. IX. — Minerals, Working, and Value. 
Chap. X. — Expensesof an Estate. 
Chap. XI. — ^Valuation of Landed Property ; of the Soil, of Houses, of Woods, 

of Minerals, of Manorial Rights, of Royalties, and of Fee 

Farm Rents. 
Chap. XII. — Land Steward and Farm Bailiff: Qualifications and Duties. 
Chap. XI 1 1. — Manor Bailiff, Woodreeve, Gardener, and Gamekeeper: their 

Position and Duties. 
Chap. XIV.— Fixed Days of Audit : Half-yeariy Payments of Rents, Form o£ 

Notices, Receipts, smd of Cash BqcAa, <*««c»5l'^«^ ^'^'si' 

tates, &C. 
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" No Englishman ought to be without this book!' 

EVERY MAN'S OWN LAWYER ; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. 8th Edition, 
carefully revised, including a Summary of the New Bankruptcy 
Laws, the Fraudulent Debtors Act, the Reported Cases of the 
Courts of Law and Equity, &c. With Notes and References to the 
Authorities. i2mo, price 6j. &/. (saved at every consultation), 
strongly bound. 

Comprising the Rights and Wrongs of Indrviduals^ Mercantile and Com- 
mercial Law^ Criminal Law, Parish LaWy County Court Law, 
Game and Fishery Laws, Poor Metis Lawsuits, 



THE LAWS OF 



Bankruptcy. 

Bills of Exchange. 

Contracts and Agreements. 

Copyright. 

Dower and Divorce. 

Elections and Registration. 

Insurance. 

Libel and Slander. 



Mortgages. 

Settlements. 

Stock Exchange Practice. 

Trade Marks and Patents. 

Trespass, Nuisances, etc. 

Transfer of Land, etc. 

Warranty. 

Wills and Agreements, etc. 



Also Law for 



Landlord and Tenant. 
Master and Servant. 
Workmen and Apprentices. 
Heirs, Devisees, and Legatees. 
Husband and Wife. 
Executors and Trustees. 
Guardian and Ward. 
Married Women and Infants. 
Partners and Agents. 
Lender and Borrower. 
Debtor and Creditor. 
Purchaser and Vendor. 
Companies and Associations. 
Friendly Societies. 



Clergymen, Churchwardens, 
Medical Practitioners, &c. 
Bankers. 
Fanners. 
Contractors. 

Stock and Share Brokers. 
Sportsmen and Gamekeepers. 
Farriers and Horse-Dealers. 
Auctioneers, House-Agents. 
Innkeepers, &c. 
Pawnbrokers. 
Surveyors. 

Railways and Carriers. 
&C. &c. 



** No Englishman ought to he without this hook . . . any person perfecdy unin- 
formed on legal matters, who may require sound information on unknown law points, 
will, by reference to this book, acquire the necessary information ; and thus on many 
occasions save the expense and loss of time of a visit to a lawyer." — Engineer y Jan. 
38, 1870. 

" It is a complete code of English Law, written in plain language which all can 
understand . . . should be in the hands of every business man, and all who wish to 
abolish lawyers' bills." — Weekly Titnesy March 6, 1870. 

** With the volume before us in hand, a man may, in nine cases out often, decide 
his own course of action, learn how to proceed for redress of wrongs, or recovery of 
rights, and save his pocket from the dreaded consultation fees and the incalculable 
buls of costs." — Civil Service Gazette^ May 23, 1868. 

** We have found it highly satisfactory as a work of authority and reference, and a 
handy-book of information. There i$ abundance of cheap and safe law in this work 
for all who want it." — Rock^ May 26, 1868. 

" A useful and concise epitome of the law, compiled with considerable care.** — Law 
Magazine. 

" What it professes to be — a complete epitome of the laws of this country, thoroughly 
mielUgible to non-professional readers. The book is a handy one to nave in readi- 
jiess when aome knotty point requires ready solution.'*— i9^/r« Li/e» 



PBIZE XEDAL, niTESIIATIOirAL BXHIBITIOH. 1862, 
«u awtrded to tha Publuhsra of 




WE ALE'S 

RUDIMENTARY, SCIENTIFIC, EDUCATIONAL, AND 
CLASSICAL SERIES, 



Engineers, Architects, Builders, Artisans, and Students 
generally, as well as to those inVerested in Workmen's 
Libraries, Free Libraries, Litei-ary and Scientific Insti- 
tutions, Colleges, Schools, Science Classes, dc, d'c. 



AGRICULTURE. 
66. CLAY L4NDS AND LOAMY SOILS, by J. Donaldson. U. 

140. SOILS, MAKUEES, AMD CROPS, by B. St-ott Burn. 2«. 

141. FARMING, AND FAEMIHG ECONOMY, Hietorical and 

Pttioticsl, by ft. Soott Bum. 3a. 

142. CATTLE, SHEEP, AND HOESES, by R. Soott Bam. 2e.6rf. 
145. MANAGEMENT OP THE DAIRY— PIGS— POULTRY, 

by R. Scolt Burn. Wiib Not«B on the BiBeews of Stout, by 
a Yet«riiiary Surgeon. 2s. 
149. UTILISATION OP TOWN SEWAGE— IBEIGATION— 
RECLAMATION OF WASTE LAND, by R. Scott Bum. 
2s, 6rf. 
jV^. 110. UI. 14a, 145, and 146 bmtut m 2 vols., cloth boards. 14j 

LOCKWOOD & CO., 7, STATIONERS' HALL COUHT. 



ARCHITECTURAL AND BUILDING WORKS. 



ARCHITECTURE AND BUILDING. 

16. ARCHITECTURE, Orders of, by W. H. Leeds. Is. ^ In l : 

17. Styles of, by T. Talbot Bury. Is, Qd.jZ^^ 

18. • Principles of Design, by E. L. Garbett. 2«. 

JVb«. 16, 17, and 18 in 1 vol, cloth boards^ 6s. Qd, 

22. BUILDING, the Art of, by E. Dobson. U. 6d. 

23. BRICK AND TILE MAKING, by E. Dobson. Ss. 

26. MASONRY AND STONE-CUTTING, by E. Dobson. New 
Edition, with Appendix on the Preseryation of Stone. 2«. 6^. 

30. DRAINAGE AND SEWAGE OF TOWNS AND BUILD- 
INGS, by G. D. Dempsey. 2«. 
mth A'o. 29 (Sec page 4), Drainage of Districts and Lands^ Ss. 

35. BLASTING AND QUARRYING OF STONE, &c., by Field- 

Marshal Sir J. F. Burgoyne. la. 6d, 

36. DICTIONARY OF TECHNICAL TERMS used by Architects, 

Builders, Engineers, Surveyors, &c. 48. ; cloth boards, 68. 

42. COTTAGE BUILDING, by C. B. Allen. U. 

44. FOUNDATIONS AND CONCRETE WORKS, by E. Dobson. 

Is. Qd. 

45. LIMES, CEMENTS, MORTARS, CONCRETE, MASTICS, 

&o., by G. R. Burnell, C.E. U. 6d. 

57. WARMING AND VENTILATION, by C. Tomlinson, F.R.S. 3*. 
83**. DOOR LOCKS AND IRON SAFES, by Tomlinson. 28. 6d. 
111. ARCHES, PIERS, AND BUTTRESSES, by W. Bland. ls.6d. 
1 16. ACOUSTICS OF PUBLIC BUILDINGS, by T.R. Smith. Is. 6d. 

123. CARPENTRY AND JOINERY, founded on Robison and 

Tredgold. 1^. 6d. 
123*. ILLUSTRATIVE PLATES to ihe preceding. 4to. 4s. 6d. 

124. ROOFS FOR PUBLIC AND PRIVATE BUILDINGS, 

founded on Robison, Price, and Tredgold. Is. ^. 

127. ARCHITECTURAL MODELLING IN PAPER, Practical 

Instructions, by T. A. Richardson, Architect. Is. Qd. 

128. VITRUVIUS'S ARCHITECTURE, translated by J. Qinlt, 

with Plates. 5s. 

130. GRECIAN ARCHITECTURE, Principles of Beauty in, by 
the Earl of Aberdeen. Is. 

Hos. 128 and 130 in 1 vol. cloth boards^ Is. 

132. ERECTION OP DWELLING-HOUSES, with Specifications, 
Quantities of Materials, &c., by S. H. Brooks, 27 Plates. 2». 6<f. 

166. QUANTITIES AND MEASUREMENTS. With Rules for 
Abstracting, &c. By A. C. Beaton. Is. Qd. 

PUBLISHED BY LOCKWOOD & CO., 



ARITHMETICAL AND MATHEMATICAL WORKS. 3 

ARITHMETIC AND MATHEMATICS. 

32. MATHEMATICAL INSTEUMENTS, THEIE CONSTRUC- 
TION, USE, &c., by J. F. Heather. Original Edition in 
1 vol. Is. 6d. 

*^* In ordering the above, he careful to say *^ Original Edition,*^ to 
distinguish it from the Enlarged Edition in 3 vols., advertised 
on page 4 as in preparation. 

60. LAND AND ENGINEERING SURVEYING, by T.Baker. 2«. 

61^ READY RECKONER for the Admeasurement and Valuation 
of Land, by A. Arman. Xs. 6<2. 

76. GEOMETRY, DESCRIPTIVE, with a Theory of Shadows and 
Perspective, and a Description of the Principles and Practice 
of Isometrical Projection, by J. F. Heather. 2s. 

83. COMMERCIAL BOOK-KEEPING, by James Haddon. U. 

84. ARITHMETIC, with numerous Examples, by J. R. Young, la. M, 
84*. KEY TO THE ABOVE, by J. R. Young. U. 6d. 

85. EQUATIONAL ARITHMETIC : including Tables for the 

Calculation of Simple Interest, with Logarit^s for Compound 
Interest, and Annuities, by W. Hipsley. 1*. 
85*. SUPPLEMENT TO THE ABOVE, Is. 

86 and 86* in 1 vol., 2s. 

86. ALGEBRA, by J. Haddon. 2*. 

86*. KEY AND COMPANION to the above, by J. R. Young. Is. ^. 
88. THE ELEMENTS OF EUCLID, with Additional Propositions, 
and Essay on Logic, by H. Law. 2s. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, by 

J. Hann. Entirely New Edition, improved and re- written 
by J. R. Young. \In preparation. 

91. PLANE TRIGONOMETRY, by J. Hann. Is. 

92. SPHERICAL TRIGONOMETRY, by J. Hann. 1«. 

Nos. 91 and 92 in 1 vol.^ 2s. 

93. MENSURATION, by T. Baker. Is. 6^. 

94. MATHEMATICAL TABLES, LOGARITHMS, with Tables of 

Natural Sines, Cosines, and Tangents, by H. Law, C.E. 2«. 6<i. 

101. DIFFERENTIAL CALCULUS, by W. S. B. Woolhouse. 1«. 
101*. WEIGHTS, MEASURES, AND MONEYS OF ALL 

NATIONS ; with tiie Principles which determine the Rate of 
Exchange, by W. S. B. Woolhouse. \s. 6<i. 

102. INTEGRAL CALCULUS, RUDIMENTS, by H. Cox, B.A. U. 

103. INTEGRAL CALCULUS, Examples on, by J. Hann. Is. 

104. DIFFERENTIAL CALCULUS, Examples, by J. Haddon. 1$. 

105. ALGEBRA, GEOMETRY, and TRIGONOMETRY, in Easy 

Mnemonical Lessons, by the Rev. T. P. Kirkman. 1«. 6<2. 
117. SUBTERRANEOUS SURVEYING, AND THE MAG- 
NETIC VARIATION OF THE NEEDLE, by T. Fenwick, 
with Additions by T. Baker. 2s. 6d. 

7, STATIONERS' HALL COURT, LUDGATE HILL. 



CIVIL ENGINEERING WORK 3. 



131 READY-RECKONER FOR MILLERS, FARMERS, AND 
MERCHANTS, showing the Value of any Quantity of Corn, 
with the Approximate Values of Mill-stones & Mill Work. Is, 

136. RUDIMENTARY ARITHMETIC, by J. Haddon, edited by 

A. Arman. Is. 6d. 

137. KEY TO THE ABOVE, by A. Arman. Is, 6d, 

147. STEPPING STONE TO ARITHMETIC, by A. Arman. U. 

148. KEY TO THE ABOVE, by A. Arman. Is, 

158. THE SLIDE RULE, AND HOW TO USB IT. With 
Slide Rule in a pocket of cover. 3^. 

*^^^* New Volumes in preparation : — 

DRAWING AND MEASURING INSTRUMENTS. In- 
cluding — Instruments employed in Geometrical and Mecha- 
nical Drawing, the Construction, Copying, and Measurement 
of Maps, Plans, &c,, by J. F. Heather, M.A. [Just ready, 

OPTICAL INSTRUMENTS, more especially Telescopes, 
Microscopes, and Apparatus for producing copies of Maps 
and Plans by Photography, by J. F. Heather, M.A. 

[Jmt ready, 

SURVEYING AND ASTRONOMICAL INSTRUMENTS. 
Including — Instruments Used for Determining the Geome- 
trical Features of a portion of Ground, and in Astronomical 
Observations, by J. F. Heather, M.A. [Just ready, 

** * The above three volumes form an enlargement of the Author* s 
original work, " Mathematical Instruments,* the Tenth Edition 
of which (No. 32) is still on sale, price \s. 6d, 

PRACTICAL PLANE GEOMETRY : Giving the Simplest 
Modes of Constructing Figures contained in one Plane, by 
J. F. Heather, M.A. 

PROJECTION, Orthographic, Topographic, and Perspective: 
giving the various modes of Delineating Solid Forms by Con- 
structions on a Single Plane Surface, by J. F. Heather, M.A. 

*** The above two volumes, with the Author s work already in 
the Series, " Descriptive Geotnetry,** will form a complete Ele- 
mentary Course of Mathetnatical Drawing. 



CIVIL ENGINEERING. 



13. CrVTL ENGINEERING, by H. Law and G. R. BumeU. Fifth 
Edition, with Additions. 5*. 

29. DRAINAGE OF DISTRICTS AND LANDS, by G.D.Dempsey. 

\s. Qd. 
With No. 30 {Seepage 2), Drainage and Sewage of Towns^ Zs. 

PUBLISHED BY LOCKWOOD & CO., 



WORKS m FINE ARTS, ETC. 



31. WELL-SINKING, BORING, AND PUMP WORK, by J. G. 

Swindell, revised by G. R. Burnell. la. 
43. TUBULAR AND IRON GIRDER BRIDGES, including the 
Britannia and Conway Bridges, by G. D. Dempsey. Is. ^. 

46. ROAD-MAKING AND MAINTENANCE OF MACADA- 

MISED ROADS, by Field-Marshal Sir J. F.Burgoyne. Is.Qd, 

47. LIGHTHOUSES, their Construction and Illumination, by Alan 

Stevenson. 3«. 
62. RAILWAY CONSTRUCTION, by Su- M. Stephenson. With 

Additions by E. Nugent, C.E. 28. ^. 
62*. RAILWAY CAPITAL AND DIVIDENDS, with Statistics of 

Working, by E. D. Chattaway. 1«. 

No. 62 aTid 62 • in 1 vol., 3s. 6d, 

80». EMBANKING LANDS FROM THE SEA, by J.Wiggins. 2». 

82»*. GAS WORKS, and the PRACTICE of MANUFACTURING 

and DISTRIBUTING COAI GAS, by S. Hughes. Ss. 
82***. WATER- WORKS FOR THE SUPPLY OF CITIES AND 

TOWNS, by S. Hughes, C.E. 3«. 
118. CIVIL ENGINEERING OF NORTH AMERICA, by D. 

Stevenson. 3«. 

120. HYDRAULIC ENGINEERING, by G. R. Bumell. 3». 

121. RIVERS AND TORRENTS, with the Method of Regulating 

their Course and Channels, Navigable Canals, &o., from tiie 
Italian of Paul Frisi. 2s. Qd. 



EMIGRATION. 

154. GENERAL HINTS TO EMIGRANTS. 2». 

157. EMIGRANT'S GUIDE TO NATAL, by R. J. Mann, M.D. 2s. 

159. EMIGRANT'S GUIDE TO NEW SOUTH WALES, 

WESTERN AUSTRALIA, SOUTH AUSTRALIA, VIC- 
TORIA, AND QUEENSLAND, by James Baird,B.A. 2s. 6d. 

160. EMIGRANT'S GUIDE TO TASMANIA AND NEW ZEA- 

LAND, by James Baird, B.A. [In Preparation. 



FINE ARTS. 

20. PERSPECTIVE, by George Pyne. 2«. 

27. PAINTING; or, A GRAMMAR OF COLOURING, by G. 
Field. 2s. 

40. GLASS STAINING, by Dr. M. A. Gessert, with an Appendix 

on the Art of Enamel Painting, &o. Is. 

41. PAINTING ON GLASS, from the German of Fromberg. Is, 
69. MUSIC, Treatise on, by C. C. Spencer. 25. 

71. THE ART OF PLAYING THE PIANOFORTE, by 0. C. 
Spencer. Is. 

7, STATIONERS' HALL COURT, LUDGATE HILL. 



6 WORKS IN MECHAKICS, ETC. 



LEGAL TREATISES. 

60. LAW OF CONTRACTS FOR WORKS AND SERVICES, 
by David Gibbons. 1«. 6<i. 

107. THE COUNTY COURT GUIDE, by a Barrister. U. Sd, 

108. METROPOLIS LOCAL MANAGEMENT ACTS. Is. 6d, 
108*. METROPOLIS LOCAL MANAGEMENT AMENDMENT 

ACT, 1862; with Notes and Index. 1«. 
Nos. 108 and 108* in 1 vol., 2s. 6d. 

109. NUISANCES REMOVAL AND DISEASES PREVENTION 

AMENDMENT ACT. 1«. 

110. RECENT LEGISLATIVE ACTS applying to Contractors, 

Merchants, and Tradesmen. Is. 

161. THE LAW OF FRIENDLY, PROVIDENT, BUILDING, 
AND LOAN SOCIETIES, by N. Whit«. Is. 

163. THE LAW OF PATENTS FOR INVENTIONS, by F. W. 
Campin, Barrister. 2». 



MECHANICS & MECHANICAL ENGINEERING. 

6. MECHANICS, by Charles Tomlinson. Is. Qd. 
12. PNEUMATICS, by Charles Tomlinson. New Edition. \s. 6d^ 

33. CRANES AND MACHINERY FOR RAISING HEAVY 

BODIES, the Art of Constructing, by J. Glynn. Is. 

34. STEAM ENGINE, by Dr. Lardner. Is, 

69. STEAM BOILERS, their Construction and Management, by 
R. Armstrong. With Additions by R. Mallet. Is. Qd. 

63. AGRICULTURAL ENGINEERING, BUILDINGS, MOTIVE 
POWERS, FIELD MACHINES, MACHINERY AND 
IMPLEMENTS, by G. H. Andrews, C.E. Ss. 

67. CLOCKS, WATCHES, AND BELLS, by E. B. Denison. New 
Edition, with Appendix. Ss. 6rf. 

Appendix {to the Ath and hth Editions's separately ^ \s. 

77*. ECONOMY OP FUEL, by T. S. Prideaux. \s. 6<f. 

78*. THE LOCOMOTIVE ENGINE, by G. D. Dempsey. Is. 6<f 

79*. ILLUSTRATIONS TO THE ABOVE. 4to. As. U. 

80. MARINE ENGINES, AND STEAM VESSELS, AND THE 
SCREW, by Robert Murray, C.E., Engineer Surveyor to the 
Board of Trade. Fifth Edition, revised and augmented, with 
a Glogsary of Technical Terms, with their equivalents . in 
French, German, and Spanish. 3». 

82. WATER POWER, as applied to Mills, &c., by J. Glvnn. 2s. 

97. STATICS AND DYNAMICS, bv T. Baker. New Edition. \s.^. 

98. MECHANISM AND MACHINE TOOLS, by T. Baker; and 

TOOLS AND MACHINERY, bv J. Nasmyth. 2.^. M. 
11.3*. MEMOIR ON SWORDS, by Col. Marey, translated by Lieut.- 
Col. H. H. Maxwell. \s. 

PUBLISHED BY LOCKWOOD k CO., 



NAVIGATION AND NAUTICAL WORKS. 7 

1 14. MACHINERY, Construction and Working, byC.D.AbeL l«.6rf. 

115. PLATES TO THE ABOVE. 4to. 7s. 6rf. 

125. COMBUSTION OF COAL, AND THE PREVENTION OP 
SMOKE, by C. Wye WilUams, M.I.C.E. 3a. 

139. STEAM ENGINE, Mathematical Theory of, by T.Baker. U, 

155. ENGINEER'S GUIDE TO THE ROYAL AND MER- 
CANTILE NAVIES, by a Practical Engineer. Revised by 
D. F. McCarthy. Ss. 

162. THE BRASSPO'UNDER'S MANUAL, bv W.Graham. 2«.6<f. 

164. MODERN WORKSHOP PRACTICE. ByJ.G.Winton. 3*. 

*^* New Volumes in preparation : — 

IRON AND HEAT, Exhibiting the Principles concerned in 
the Construction of Iron Beams, Pillars, and Bridge Girders, 
and the Action of Heat in the Smelting Furnace, by James 
Armour, C.E. Woodcuts. [Just ready. 

POWER IN MOTION: Horse Power, Motion, Toothed Wheel 
Gearing, Long and Short Driving Bands, Angular Forces, &c., 
by Jamks Armour, C.E. With 73 Diagrams. [In the press. 

THE APPLICATION of IRON to BUILDING STRUC- 
TURES, &c., by Francis Campin, C.E. With Illustrations. 

[In the press. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING, by John Maxton, Instructor in Engineering 
Drawing, Royal School of Naval Architecture and Marine 
Engineering, South Kensington. Plates and Diagrams. 

[In the press. 

MINING TOOLS. For the Use of Mine Managers, Agents, 
Mining Students, &c , by William Morgans, Lecturer on 
Practical Mining at the Bristol School of Mines. 12mo. With 
an Atlas of Plates, containing 200 Illustrations. 4to. 

[In the press. 

TREATISE ON THE METALLURGY OF IRON ; con- 
taining Outlines of the History of Iron Manufacture, Methods 
of Assay, and Analysis of Iron Ores, Processes of Manufacture 
of Iron and Steel, &c., by H. Bauerman, F.G.S., A.R.S.M. 
Second Edition, revised and enlarged. Numerous Woodcuts. 



NAVIGATION AND SHIP-BUILDING. 

51. NAVAL ARCHITECTURE, by J. Peake. 3a. 

53». SHIPS FOR OCEAN AND RIVER SERVICE, Construction 

of, by Captain H. A. Sommerfeldt. 1«. 
63**. ATLAS OF 15 PLATES TO THE ABOVE, Drawn for 

Practice 4to 7^ vtd 
64. MASTING, MAST-MAKING, and RIGGING OF SHIPS, 

by R. Kipping. Is. Qd. 

7, STATIONERS' HALL COURT, LUDGATE HILL. 



8 SCIENTIFIC WORKS. 

64». IRON SHIP-BUILDma, by J. Grantham. Fifth Edition, 

with Supplement. 4«. 
64**. ATLAS OF 40 PLATES to iUustrate the preceding, includ- 
ing numerous Modem Examples — "The Warrior," "Her- 
cules," " Bellerophon," &c. 4to. 385. 
56. NAVIGATION ; the Sailor's Sea Book: How to Keep the Log 
and Work it off. Law of Storms, &c., by J. G-reenwood. 2«. 
83 bis, SHIPS AND BOATS, Form of, by W. Bland. Is, 6d, 
99. NAUTICAL ASTRONOMY AND NAVIGATION, by J. B. 

Young. 28, 
100». NAVIGATION TABLES, for Use with the above. U, 6d, 
106. SHIPS' ANCHORS for all SERVICES, by G. Cotsell. U. 6d, 
149. SAILS AND SAIL-MAKING, by R. Kipping, N A. 2«. ^. 



PHYSICAL AND CHEMICAL SCIENCE. 

1. CHEMISTRY, by Prof. Fownes. With Appendix on Agri- 

cultural Chemistry. New Edition, with Index, la, 

2. NATURAL PHILOSOPHY, by Charles Tomlinson. 1». 

3. GEOLOGY, by Major-Gen. Portlook. New Edition, with 

Index, is, Qd, 

4. MINERALOGY, by A. Ramsay, Jan. 3s. 

7. ELECTRICITY, by Sir W. S. Harris. U, 6d, 

7*. GALVANISM, ANIMAL AND VOLTAIC ELECTRICITY, 
by Sir W. S. Harris. Is, Qd, 

8. MAGNETISM, by Sir W. S. Harris. 35. ^d, 

No8. 7, 7*, and 8 in 1 vol. cloth hoards^ Is. %d. 

11. HISTORY AND PROGRESS OF THE ELECTRIC TELE- 
GRAPH, by Robert Sabine, C.E., F.S.A. 3*. 

72. RECENT AND FOSSIL SHELLS (A Manual of the MoUusca), 
by S. P. Woodward. With Appendix by Ralph Tate, F.G.S. 
6s. 6^. ; in cloth boards. Is. Qd. Appendix separately, is, 

79**. PHOTOGRAPHY, the Stereoscope, &c., from the French 
of D. Van Monckhoven, by W. H. Thornthwaite. is. 6d. 

96. ASTRONOMY, by the Rev. R. Main. New and Enlarged 
Edition, with an Appendix on " Spectrum Analysis." Is. iod, 

133. METALLURGY OF COPPER, by Dr. R. H. Lambom. 2s, 

134. METALLURGY OF SILVER AND LEAD, by Dr. R. H. 

Lambom. 2s. 

135. ELECtRO- METALLURGY, by A. Watt. 2s. 

138. HANDBOOK OF THE TELEGRAPH, by R. Bond. New 

and enlarged Edition. Is. 6d. 
143. EXPERIMENTAL ESSAYS— On the Motion of Camphor 

and Modem Theory of Dew, by C. Tomlinson. Is. 
161. QUESTIONS ON MAGNETISM, ELECTRICITY, AND 

PRACTICAL TELEGRAPHY, by W. McGregor. Is. 6d, 

PUBLISHED BY LOCKWOOD & CO., 



EDUCATIONAL WORKS. 9 



MISCELLANEOUS TREATISES. 

12. DOMESTIC MEDICINE, by Dr. Ralph Gooding. 2s. 

112*. THE MANAGEMENT OF HEALTH, by James Baird. 1«. 

113. USE OP FIELD ARTILLERY ON SERVICE, byTaubert, 
translated by Lieut.-Col. H. H. Maxwell. Is. Qd. 

150. LOGIC, PURE AND APPLIED, by S. H. EmmenB. Is. Qd. 

152. PRACTICAL HINTS FOR INVESTING MONEY : with 

an Explanation of the Mode of Transacting Business on the 
Stock Exchange, by Francis Play ford. Sworn Broker. Is. 

153. LOCKE ON THE CONDUCT OP THE HUMAN UNDER- 

STANDING, Selections from, by S. H. Emmens. 2s. 



NEW SEBIES OF EDUCATIONAL WORKS. 

1. ENGLAND, History of, by W. D. Hamilton. 5s.; cloth boards, 

65. (Also in 5 parts, price Is. each.) 
5. GREECE, History of, by W. D. Hamilton and E. Levien, M.A. 

2s. 6d. ; cloth boards, 3s. Qd. 
7. ROME, History of, by E. Levien, M.A. 2s. 6d. ; cloth boards, 

3*. 6d. 
9. CHRONOLOGY OF HISTORY, LITERATURE, ART, 

and Progress, from the earliest period to the present time. 

28. Qd. ; cloth boards, Ss. 6d. 

11. ENGLISH GRAMMAR, by Hyde Clarke, D.C.L. U. 

11*. HANDBOOK OF COMPARATIVE PHILOLOGY, by Hyde 
Clarke, D.C.L. Is. 

12. ENGLISH DICTIONARY, containing above 100,000 words, 

by Hyde Clarke, D.C.L. 3s. 6d. ; cloth boards, 48. 6d. 
, with Grammar. Cloth bds. 5s, 6d. 

14. GREEK GRAMMAR, by H. C. Hamilton. Is. 

15. DICTIONARY, by H. R. Hamilton. Vol. 1. Greek- 
English. 28. 

17. Vol. 2. English— Greek. 2». 

Complete in 1 vol. 4s. ; cloth boards, 5s.\ 

— ■ — ■ , with Grammar. Cloth boards, Qs. 

19. LATIN GRAMMAR, by T. Goodwin, M.A. Is. 

20. DICTIONARY, by T. Goodwin, M.A. Vol. 1. Latin 

—English. 28. 

22. Vol. 2. English— Latin. Is. 6d. 

Complete in 1 vol. 3s. 6d. ; cloth boards, 48. 6d. 

, with Grammar. Cloth bds. 5*. 6d. 

24. FRENCH GRAMMAR, by G. L. Strauss. 1*. 
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10 EDUCATIONAL WORKS. 

25. FEENCH DICTIONARY, bjL A. Mwes. Vol 1. French- 
English. Is. 
26. Vol.2. English— French. Is. Qd, 

Complete in 1 vol. 2s. 6d. ; cloth boards, 3*. Qd. 

» , with Grammar. Cloth bds. 4«. Qd. 

27. ITALIAN GRAMMAR, by A. Elwes. Is. 

28. TRIGLOT DICTIONARY, by A. Elwes. Vol. 1. 

Italian — English — French. 2s. 

30. Vol. 2. English— French— Italian. 2s. 

32. Vol. 3. French— Italian— English. 2s. 

Complete in 1 vol. Cloth boards, 7s. 6rf. 

, with Grammar. Cloth bds. 8«. Gd. 

34. SPANISH GRAMMAR, by A. Elwes. 1*. 
36. ENGLISH AND ENGLISH-SPANISH DIC- 
TIONARY, by A. Elwes. 4s. ; cloth boards, 5«. 

., with Grammar. Cloth boards, 6«. 

39. GERMAN GRAMMAR, by G. L. Strauss. Is. 

40. READER, from best Authors. Is. 

41. TRIGLOT DICTIONARY, by N.E. S.A. Hamilton. 

Vol. 1. English — German — ^French. Is. 

42. Vol. 2. German — French — English. Is. 

43. Vol. 3. French — German — English. Is. 

Complete in 1 vol. 3*. ; cloth boards, 4s. 

' , with Grammar. Cloth boards, 6s. 

44. HEBREW DICTIONARY, by Dr. Bresslau. VoL 1. Hebrew 

— English. 6s. 
, with Grammar. 7s. 

46. Vol. 2. EngUsh— Hebrew. 3s. 

Complete, with Grammar, in 2 vols. Cloth boards, 12«. 

46*. GRAMMAR, by Dr. Bresslau. U. 

47. FRENCH AND ENGLISH PHRASE BOOK. Is. 

48. COMPOSITION AND PUNCTUATION, by J. Brenan. U. 

49. DERIVATIVE SPELLING BOOK, by J. Rowbotham. U.Gd. 

50. DATES AND EVENTS. A Tabular View of English History, 

with Tabular Geography, by Edgar H. Rand. ^InFreparation. 



NEW BEADHra BOOKS, 

Adapted to the Requirements of the Revised Code, entitled 

THE SCHOOL MANAGERS* SERIES. 

Edited by the Rev. A. R. Grant, Rector of Hitcham, and Honorary 
Canon of Ely; formerly H.M. Inspector of Schools. 

s. d. 

First Standard "... 3 

Second , 6 

Third , 8 

PUBLISHED BY LOCKWOOD & CO., 
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EDUCATIONAL AND CLASSICAL WORKS. 11 

GBEEE AND LATIN CLASSICS, 

With Explanatory Notes in English. 



LATIN SERIES. 

1. A NEW LATIN DELECTUS, with Vocabularies and 

Notes, by H. Young Ig, 

2. C^SAR. De Bello Gfallico ; Notes by H. Young . . 28, 

3. CORNELIUS NEPOS ; Notes by H. Young . . . U. 

4. VIRGIL. The G-eorgics, Bucolics, and Doubtful Poems; 

Notes by W. Rushton, M.A., and H. Young , Is, Qd. 

5. VIRGIL. -;Eneid ; Notes by H. Young ... 2a. 

6. HORACE. Odes, Epodes, and Carmen Seculare, by II. Young la, 

7. HORACE. Satires and Epistles, by W. B. Smith, M. A. Is, 6d. 

8. SALLUST. Catiline and Jugurthine War; Notes by 

W. M. Donne, B.A , Is, 6d, 

9. TERENCE. Andria and Heautontimorumenos ; Notes by 

the Rev. J. Davies, M.A 1*. Qd, 

10. TERENCE. Adelphi, Hecyra, and Phormio; Notes by 

the Rev. J. Davies, M.A 2«, 

11. TERENCE. Eunuchus, by Rev. J. Davies, M.A. . Is, 6d. 

Nos. 9, 10, and 11 in 1 vol. cloth boards^ 6*. 

12. CICERO. Oratio Pro Sexto Roscio Amerino. Edited, 

with Notes, &c., by J. Davies, M.A. {Just ready.) . . \s, 

14. CICERO. De Amicitia, de Senectute, and Brutus ; Notes 

by the Rev. W. B. Smith, M.A 2s, 

16. LIVY. Books i., ii., by H. Young , , , , Is, 6d, 
16*. LIVY. Books iii., iv., v., by H. Young , , , Is, 6d, 

17. LIVY. Books xxi., xxii., by W. B. Smith, M.A. . Is, 6d, 

19. CATULLUS, TIBULLUS, OVID, and PROPERTIUS, 

Selections from, by W. Bodham Donne . . . .2a. 

20. SUETONIUS and the later Latin Writers, Selections from, 

by W. Bodham Donne 2a. 

21. THE SATIRES OF JUVENAL, by T. H. S. Escott. M.A., 

of Queen's College, Oxford I5. 6^. 
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12 EDUCATIONAL AND CLASSICAL WORKS. 



GREEK SERIES. 



1. A NEW GREEK DELECTUS, by H. Young . U, 

2. XENOPHON. Anabasis, i. ii. ui., by H. Young . . 1«. 

3. XENOPHON. Anabasis, iy. v. vi. vii., by H. Young . Is, 

4. LUCLAN. Select Dialogues, by H. Young . ■ . . U. 

5. HOMER. Iliad, i. to vi., by T. H. L. tieary, D.OX. Is, 6d. 

6. HOMER. Hiad, vii. to xii., by T. H. L. Leary, D.C.L. Is, 6d, 

7. HOMER, niad, xiii. to xviii., by T.H. L. Leary, D.C.L. Is, 6d. 

8. HOMER. Diad, xix. to xxiv., by T. H. L. Lewry, D.C.L. I*. 6d, 

9. HOMER. Odyssey, i. to vi., by T. H. L. Leary, D.C.L. Is, Qd, 

10. HOMER. Odyssey, vii. to xii., by T. H. L. Leary, D.C.L. Is, 6d, 

11. HOMER. Odyssey, xiii. toxviii., by T. H. L. Leary, D.C.L. Is, 6d, 

12. HOMER. Odyssey, xix. to xxiv. ; and Hymns, by T. H. L. 

Leary, D.C.L 28. 

13. PLATO. Apologia, Crito, and Phsedo, by J. Davies, MA. 2s, 

14. HERODOTUS, Books i. ii., by T. H. L. Leary, DiC.L. Is, (>d, 

15. HERODOTUS, Books iii. iv., by T. H. L. Leary, D.C.L. Is, 6d, 

16. HERODOTUS, Books v.vi. vii., by T.H.L. Leary, D.C.L. ls,ed. 

17. HERODOTUS, Books viii. ix., and Index, by T. H. L. 

Leary, D.C.L. ...... .Is, 6d. 

18. SOPHOCLES. OEdipus Tyrannus, by H. Young . . U, 
20. SOPHOCLES. Antigone, by J. Milner, B.A. . . . 2s, 
23. EURIPIDES. Hecuba and Medea, by W. B. Smith, M.A. Is, 6d. 
26. EURIPIDES. Alcestis, by J. Milner, B.A. . . .Is, 
30. ^SCHYLUS. Prometheus Vinctus, by J. Davies, M.A. . Is, 
32. ^SCHYLUS. Septem contra Thebas, by J. Davies, M.A. Is. 

40. ARISTOPHANES. Acharnenses, by C. S. D. Townshend, 

M.A . . .ls.6d, 

41. THUCYDIDES. Peloponnesian War. Book i., by H. Young 1*. 

42. XENOPHON. Panegyric on Agesilaus, by LI. F.W.Jewitt 1«.6^. 
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